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uding Fahrenheit 
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HAIRLINE TEMPERATURE CONTROL ESSENTIAL 


OLERANCE 
+.0002" 


REG. U.S. PAT. OFF. 


RECORDING CONTROLLING - INDICATING 
m l/nstruments 
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FOXBORO PYROMETERS provide control with 
practically no temperature variation in heat 
treatment of parts for Schick Shavers 


Accurate control in the heat treatment of such small parts as shaver 
cutters and springs largely determines the fine reputation of Schick 
shavers. These parts heat rapidly and unless accurate contro] is 
applied, attendant distortion is great. Electric furnaces designed 
by Schick for shaver manufacture are equipped with Foxboro 
Potentiometer Control Pyrometers. With the use of these instru 
ments, heat treatment of parts is accomplished uniformly. The tiny 
parts are hardened to precision standards — tolerances of plus o1 
minus .0002 in. are maintained. A quality shaver is assured 

In every plant where heat-treating is a process step, similar prob 
lems exist, and in every such instance, Foxboro Control Pyrome 
provide the answer to the demand for contro] that is simple, exact 
uniform and completely dependable. Write us your specific prok 
lem describing equipment and temperatures employed and w 
will assist wherever possible. 


THE FOXBORO COMPANY 


46 Neponset Avenue, Foxboro, Massachusetts, U.S.A. 
Branch Offices in 25 Principal Cities 








os ( § r 
{Q ) ‘ 4 > AS U)) 


A yA “WA 


THE GAMBLE 's GONE. 


q Liquidomete: remote read 
ing gauges automatically 
indicate or 


levels. No 


auxiliary 


and accurately 
record liquid 
pumps valves, or 
units are required to read 
them. Balanced hydraulic 
transmission inge- 


compensates for 


system 
niously 
temperature 
communicating tubing. Ac- 
curacy is unaffected by var- 


Variations on 





iations in specific gravity. 
Models are available for 
remote signals, automatic 
control of pumps, etc. 
Direct reading 
are available where remote 
reading is not required. 


ipproved by Ll nder- 
writers Laboratories and 
similar bodies for gaug- 


liquids. 


models 
ing hazardous 





THE LIAUIDOMETER CORP. 


36-27 SKILLMAN AVE. LONG ISLAND CITY, N. Y. 


Write for Bulletin 200 


- nae OF TEMPERATURE THE POWERS REGULATOR CO. 
~ HUMIDITY CONTROL 2734 GREENVIEW AVENUE, CHICAGO, ILLINOIS 
OFFICES IN 47 CITIES « SEE YOUR PHONE DIRECTORY 
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indicate that 


recognized to 


unmistakable 


RAI 


if instrumentation is 


Signs the impo) 


h an ex 


SU¢ 


there is a shortage of qualified instrument men 


ent makers, instrument inspectors, instrument mail 


men, instrument mechanics and professional instru 


The following official communication speak 


gvineers. 


{ 





WAR DEPARTMENT 
\II ORPS—MATERIEL DIVISION 
hice f the Kastern District Represent 
10 Church Street, New Yor! N. 
would like to bring to the ttention 1 i 
I iker the fact that the United Stat \ \ 
ng it rrent building program, has ! for t 
iployvment of inspector of ircraft instrument 
ision apparatus 
Sta Civil Service Commission } t 
" t make these temporal ippolntment pendir t} 
ent of Civil Servic list of eligibl ind those vi 
Clem { temporary appointment will be 4 
given an opportunity to compete in the re their x 
en it is held for permanent appointment 
the United States, having IX Ed nt 
ne of fine instrument tr micrometer pre lor 
rite for information to the Air Co ) t Manager 
Church Street New Yort Cit *} ‘ wh 
been that of merely embling will not qualif 
Fo he Kastern D ] 
J A. McDONNELI 
District Mar ( I 
) I tery Dist 
\lmost in the same mail as the above, we received the 
ISSUE of the Boe ing School Ne OS, published by the 


ng School of 


cle deals entirely 


Aeronauties, Oakland, Calif. The leading 
with ‘“‘The Mechanic.” It 
asizes his high requirements which include 


Instrument 





l gination and common sense Oo that eontl 
ms to new problen ind, at the sar time, be rtai 

vork constantly fulfills the rigid requirement f 

! permanency necessary in the safe Ooperatior f it 
article suggests that in spite of the word “mechan 


obs are both highly regarded and well 
for advancement are 
luates who specialized in instruments are now 


paid. Oppor 


ities mentioned. Boeing School 
serving 
ineS aS Managers or as assistant managers of instru 
t departments and as installation foremen. 
few days of the receipt of the above, /nstru 
learned for the first time that since last January a 
ip of instrument men in the Pittsburgh district 
meeting and named their group The Society of Instru 
ths 


leader, 


hin a 
have 


nt Engineers. These men have been organizing 


Theit 


ning at 


eus of a professional engineering society. 
nk C. MeGough, 
*s home find that he 
for Instrumentation with absclute 
e future of the profession of instrument e1 
personal qualities of leadership. We mentioned to Mr. 
that similar 
may he in 


recently spent an eve you 


and we combines an intense 


confidence 


islasm 


gineering, 


Gough groups of instrument-minded 
othe the 
he replied that if any such groups exist, the Society 
nstrument touch with them 
a view to His 


eng! 


existence in parts of country, 


Engineers desires to get in 
organizing a national home 
5 Buffalo St., Pittsburgh. 

ore Instruments, a professional society of instrument 


society. 
ess is 
S would have been 


in industry probably 


if the founder had possessed the 
of Frank C 


1 ible. 


premature 


eharm and leadet 


McGough, his task waquld have been fo) 
“Would have been’’? it 
Ve well remember, at a gathering of instrument-minded 
about 


' 
was 


neers fifteen years ago, one engineer present 








saying “Not more than twenty men in all this « 

uld ! il instrument ciety, Hbecause I ( ( 
nN I than al nhunared ?) st) trammea mstt iment ‘ i t 
in all instrument-using industries 

sinc 1928 Instrument ius been “creating nstrume 
mecnanies, instrument maintenanee men and profs 
Instrument engineers. In the last five years or so, there ha 
heen a growing disparity between the rate of installat 
f instruments and the rate of training f instrument ( 

f all classes. Many engineers whose dutie nv 
selection and supervision of instruments now take pride 
calling themselves instrument engineers Ni wonde! 
they think of themselves as professional instrument e} 
neers. No wonder they are organizing on a professiona i 

The familiar remark that “there are too many societie 
in America” is true, but equally true is the imminent fu 
fillment of the prediction which onee aroused ridicul 
confidently predict the recognition of Instrumentation 
distinct branch of engineering and as a distinct fie f 
industrial management Instrument courses in. tl 
majority of technical schools i natior de Societ 

and all the panoply of an established, Panzer 
esteemed profession.” 

Now for a remarkable coincidence: One of the pu ‘ 
which led Frank C. MceGoueh and his friends t 
themselves was their intention to hold a series of techni 
meetings in order to ground themselves thoroug n the 
science of instrumentation. At about the ime time, suc! 
course was being prepared; and it will be given at tl 
Carnegie Institute of Technology. The announcement of t 
course is printed below and we hope that mat reade 
in this district will not only avail themselv of it 
bring it to the attention of likely eandidates 

Please post on Bulletin Board 

CARNEGIE INSTITUTE OF TECHNOLOGY 
SCHENLEY PARK 
PITTSBURGH 





Evening Course in Instrumentation 


1939 1940 
In order to fill a demand definitely manifested b 
industries in the Pittsburgh district, a thorough course 


Metallurgica 
the Technolog 
for the year 1939-1940. Major M. | 


in Instrumentation has been added by the 


Department of Carnegie Institute of 
School 


Behar, author of 


Evening 


several enzineering textbooks on indus 


trial instruments and their application in the manufactur 


ing and processing industries, and editor of the magazine 


Instruments, will be in charge of the course 
make 
to May 20 


been allocated to visiting lecturers 


Twenty-eight evening sessions of two hours each 


up the calendar of this course, from October 2 


Nineteen sessions have 


chief engineers and research directors of compani 
specializing in the manufacture and application of | re 
corders, meters, telemeterins systems and tomate 
control systems 

Registration for this course will be held only on tw 
dates: Monday and Tuesday evenings, September and 
26, from to 10 p.m. in the Gymnasium. 


held on 
from October 2 t 


the ¢ will be 


from 7:50 to 9:40, 


The 


CvVveninygs 


SESSIONS § ¢ if OUurse 
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Catalog J-240 tells the whole story. 
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Measurement and Analysis 
of Noise and Vibration 


By DANIEL SILVERMAN 
Formerly Assistant Professor of Mechanical Engineering, 
University of California; now Geophysicist, Tulsa, Okla. 








FOREWORD In othe , I eihagiinnn as ua grive “= cad \ 
M. F. Behar. ] tor i vith 1ts mixture of good and bad ne f the bad It ( 
noise. Joint efforts on the part of num«e l l ive t 
A r frequently quoted of sayings by great scientists is last given us nolise-measuring and naly nst ( 
IV rd Kelvin’s on the importance of quantitative meas The growing use of these instruments has made u n 
nts as against mere observations. When he died, Lord intelligently noise-conscious. Paralle vith educt 
must have regretted that so many observable phe sources of noise is the present crease in the numbe 
a of acoustics and vibrations were so dimly unde? new acoustic products and the perfection f 
ecause they could not be measured. If he were alive Astonishing progress has been made, for example, 
he would be thrilled by the appearance of such a bool were called ear-stoppers and are now called “ear defende 
Silverman’s—a milestone signalizing at last that Dr. V. O. Knudsen and the Mine Safety Appliances 
‘henomena are all measurable by ad hoc instruments having recently completed a long program of instrumentize 
has been the case in other provinces of instrumenta research on this single subject! The point is this: In lL 
ndustrial advances intensified the need of quantitative Kelvin’s day, the factory age was threatening to deafer 
irements, Science met the challenge by discovering re many workers and the old-style ear plugging devices weren't 
ible effects whereby properly-scaled instruments could any good; today, thanks to the availability of a complete 
nstructed, Technology built the various prototype in series of types of noise and vibration instruments and t 
ments and applied them, Industry learned to use them the extension of knowledge of the possibilities and limit 
ell that it re-defined its needs, whereupon Physics tions: (1) noises and vibrations can be minimized at tl 
ht the ball and passed it to Engineering which ran sources; (2) the harmful effects of insuppressal nous 
the field with Physiology, Psychology, Industrial Hy can be totally eliminated and—perhaps most important 
ne and other team-mates—all for the public good. you and I and Bill and Mary know that it’ ! 
SECTION 1 identified and studied by many experimenters in this 
INTRODUCTION Reductions of noise of easily obtainable amounts, in on 
instance,’ have been the cause of increased efficiencies uj 


ITHIN the past decade a renewed and greatly in 
creased interest has become evident in the 
of acoustics, and more especially in its practical 
ispect, the problem of noise and noise elimination. Hereto 
re, acoustics has been a branch of theoretical physics, but 
th the development of the electronic arts, acoustics has 
ecome part of the engineering field, and today, acoustical 
ngineering is an important part of our everyday life. 
This change has stimulated the development of new and 
novel types of instruments for the study of noise, and the 
appearance of articles in the technical 
stered a wide response among all classes of people. 
rs and auditoriums, homes and 
ng planned and treated for the reduction of noise, and 
ichines of all sorts are being designed, built, sold, and 
irchased with a decided regard for the noise that they 
oduce.' But it is not only in the planning of new struc 
es that quietness is being sought, but also in present 
mechanical and electrical equipment. Noise surveys 
ve been made to determine the most disturbing elements 
our daily life, and efforts are being made to modify 
uilpment, or to isolate and insulate that 
lleter living conditions may be obtained. And as the scl 


science 


f 


have 
The 


offices, are 


which 


press 


¢ 


as well as 


structures, so 


ce of acoustical engineering progresses, it becomes as eas} 
predict the reverberation time of a room, or the 
el of a vehicle, or the frequency 
tem, as it is to predict the performance of a1 


noise 
response of a sound 
electric 
tor. 
n addition to the practical effects of noisy surroundings, 
ere are more subtle psychological and physiological ef 
ts on persons subjected to noisy surroundings that have 
me the objects of considerable study. The qualitative 
ects of these effects are of course evident to most pe? 
s, but actual measurable effects of infportance have been 


t} ey 


bered bibliog) 


Section 


iphical reference will be four 


, reductions of errors of from 30 to 50%, reduced 


employee turnover of up to 50%, and a decrease of absence 
of 387°. Other examples confirm these 
cates that the 
increased the output of a group of workers by as much a 
12°7. Other that a 


noise level has and the 


data. Laird 
intensity by 10 db* ha 


ind) 


reduction of sound 


workers have also found decrease il 


increased the volume accurace oT 


work done by persons subjected to noisy surroundings. TI 


is particularly true when the work is largely mental 
In addition to the economic advantages to be gained by 
the reduction in noise, there are distinct advantages to be 


gained by the persons themselves in the 
mental health, 
creased well-being. It may happen that the persons 


form of improved 


and physical reduced nervousness, and it 


pecome 


so accustomed to their noisy surroundings that they fail t 


realize the intensity of the noise, which would be noticed 


) 
immediately by one he Ing subjected to the same conditior 


for the first time. This apparent lack of notice is the result 


of forced concentration, and is the cause of lost energy and 
increased fatigue. 
Noise is a by-product of many types of mechanical at 


electrical machines and of human activity. There are fe 


cases where the production of noise is the desired resul 


the application of power, except 1 the si 


unintentionally produced is evidence of mechanica ( 
ciency and can be reduced by the removal of the cause of 
inefficiency. Since the amount of energy in acoustica ‘ 
is generally small, the actual ene) lost in this for 
insignificant. The important fact is, that the noise is 
dence of dissipation of energy in other for The se 
tivity of the ear, and of acoustical instruments in gene 

is such that the losses of a machine made evident ! ( 
can be detected more readily by means of these instrument 

‘The decil bh) ' 
r rf ApI I 


nt f 
4 int 
’ riy T 
] ( 
I rt 
ie ta rie lremy 
t ‘ I ! \) 
i dUle 
1 « ect const 1 
j ’ 
1d] Lice ! er l 
The ‘ 1 | 
{ nat . ; { 
! ] ‘ 
‘ a ore ; et ; 
t il 1 tive ‘ 
es and ae ! f 
( 7 t ? 
I 
na t hot 
( i ( i il 
} \l 
\1 
MicoM 
1 
a 
‘ 
/ | 
’ 
1 
\ 
\\ 
\ \ 
1 
\ ‘ X 
\l 
‘ 
\I 


sure! 
i l 
i ICa 
S¢ l 
lad 
eCsu 
t ry 
nt { 
rf 
en 





{ idapt them to the fleld of acoustics. These ele, 
struments, since they are used in con unction 


tical elements for the measurement of acoustica 
tudes, may properly be called acoustical inst 
applied to circuits in which the curre 
acoustical waves by means of o) 


é ectro-acoustical components or * 


ansducers 





There are, it peneral, two types of instrument 
stud r noise: those that deal with the overa 
tot sound meters, and those the 
nents of the acoustical ives, | nst 
I t! Cast ot tne total sound 
tT physica magnitudes associated with acoustic 
hich are capable of direct measurement, and 
as the basis of a number of indicated quantitic 
i practical interest 

sound waves passing through air cause pe | 
tions in pressure temperature, density, and partic 
t\ Any acoustical instrument for the study of soy 
contain at least one element responsive to on 
these effects his element s the microphone ind 
commoniy designed to measure the sound pressure 


particle velocity, variations. Of the other effects flu 
sity does not lend itself easily to measurement. but 


temperature may be taken as an index of sound 


and has been measured by means of thermocoupl 


sensitivity amplifiers. 


Starting with a pressurt or veloeityv-sel Sitive mi 
an instrument must be designed that will give one 
f the following readings which are used in the 
oOlse 

l Sound intensity 


Sound 


» Sensation leve 


1. Sound pressure, 


» Sound pressure level 


6. Weighted sound pressure level, 


Loudness, 


8. Loudness leve 


Of these eight, sound pressure is the only one 
f direct indication by a microphone. This is the root 
square variation, from the mean, of pressure in the m« 
Sound pressure level is a magnitude which can be 


indicated by an instrument whos« microphone 


to sound pressure. It is a logarithmic or decibe sc 
pressing the ratio of the actual sound pressure t 
nee value (taken as 0.0002 bar?) The pressure 
lecibels, is defined as 20 times the logarithm to the 
f the ratio of the actual pressure, P?, to the referen 
sure, P 

The intensit n a’ sound field is the rate of f} 
erg in the specified direction, through a unit area 
{ this direction it the point he intensity n 
pressed mn units of ¢« oS ye second per square cent 

I att per squa centimete lt the Case 1 a 
nhe ca tf ree vave of ettect ri sound pressutl i 
« square centimete! ere the elocityv of 1 1) t 
the wave in the mediun s ¢ centimeters } PC! 


medium 








































ircraft, and many other industries. 








R4-281 Recording Frequency Analyzer for devel 


nent laboratory and mobile use in the 





1-252 Inspection Equipment used by the evaporat 


wlk industry for detecting solder pellets in cans. 


ERPI can help 
you solve it! 


Whatever your industry whatever 
your troublesome acoustic problems 
ERPs staff of technical consultants 
ean help you. 

They 


of many industries in solving acoustic. 


have worked with engineers 


noise and vibration control problems 
and in developing special acoustic 


instruments to meet particular needs. 


ERP offers instruments of unusual 
precision for making a complete an 
alysis of noise and vibration conditions 
in machines of almost 
Also rugged. stable 


routine use in’ plants making many 


every type. 


instruments for 


noise-producing products. 


Bring your problems to ERPL We'll 
eladly study them — show vou how to 
apply or adapt our standard instru- 
ments to vour needs, 

Or if necessary. we Il develop spec ial 


instruments for you. 


SUBSIDIARY OF 


Western Electric Company 


RA-273 Industrial Noise 
production testing of man 
trical, anti-friction be 


and other industries 


RA-27 


195 BROADWAY, NEW YORK, N. Y. 


& Vibration Pick-u 


for vihr 


fron analysis in airer 


r industries 


Electrical Research Products Inc. 


dnalvze 
vy products 


arin re 


p, developed especi 


aft 


applica 
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P is 0.000204 dynes/en 
ty level is the expression of intensity on a 
Scale decibels, above a base ue of 10 1 
lare centimete} Sensatiol evel sa waritl 
ntensit n decibels above threshold, at a 
c | il ne Trequen¢ t} quantit serves 
n f udness scale 
11ueS ale i series I numbe uc that Tor 
ire complex, there 1s an appropriate num 
t udness Larger numbers’ represent 
Ihe numbers are de} ed from subjective 
s, and are used in the formula of Fletcher and 
the computatior f the loudness of complex 
ich certain tones are subject to masking by 
ny 1s e phenomenon by which sounds of dif 
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ferent pitch can effectively hide or mask the pre 
other sounds. The masking of a given tone by 


wer pitch is greater than that by sounds of hig! 


ae) 
li? 


No known meter can be calibrated to read directly 
ness for all types of sounds, particularly where 
masking, although for pure tones this is quite 
Loudness level is expressed as the intensity leve 
equally loud 1000 evele free wave. This is, of courss 
ective comparison, and the judgment of a numbx 
servers must be taken and averaged 

Weighted sound pressure level is a logarithmie s 
pressed in db above 0.0002 bar, at 1000 cycles, of sour 


sure, weighted according to an equal loudness conto 


able to the level of the sound measured. The eat 
equally sensitive to all frequencies, and the curves 

sing this sensitivity (the equal-loudness contours) « 
for each value of intensity level. Weighted sound 


level is the result of an attempt to duplicate the a 
the ear for complex sounds 

Weighted sound pressure level is the most usefu 
urement obtainable from complex sounds as an ind 
of their loudness. Meters can be calibrated to read 
in this scale. This does not express the true loudne 
complex sound, but neither does the observation of 
dividual listener, for loudness measurements are m: 
the basis of the average judgment of a large num! 
observers. When properly used, weighted sound preé 
level serves as a loudness scale which agrees quite ws 
the results of a sound jury. Most commercial sound 
meters are designed to read sound pressure leve 
weighted sound pressure level. 

For the purpose of practical noise measurements, a! 
design of sound or noise meters, there is need fo: 
ment upon the equal-loudness contours for pure tones 
there is some need for an additional loudness scale 
m group judgment as to what constitutes a certa 
centage reduction in the loudness of a sound. For bot 
these magnitudes reliance must necessarily be placed 
xperimental data. A number of investigations' have 
made for the purpose of obtaining such data, and 
their results there have been derived relations whicl 
be taken as the best expression of these data, with, 
ever, the necessary recognition that they are tentative 
may need modification as further data are obtained. 17 
relations are expressed in the form of curves publish« 
he American Standards Association.” The loudness 
of a pure tone propagated as a plane or spherical wave 
air, and having a frequency of f cycles and an inte) 
level of » decibels is defined by the set of curves of f 
The relation between loudness and loudness level is g 


by the curve shown in Fig. 2. 




















ERE is an organization quite unique in American 
on industry .. . a concern that specializes in the reduc- 

tion of noise in machinery of many types. The 
methods employed by the Physicists Research Company 
are based on determining where the noise originates, and 
what causes it... utilizing complete and modern labora- 
tory equipment for the measurement and diagnosis of 
sound ... and applying a thoroughly practical knowledge 
of both the engineering and production requirements of 
the machinery on which the work is being done. 

The successful solution of a machinery-quieting prob- 
lem can be compared to the erection of a multiple span 
bridge. Until the last span is completed, the bridge is of 
no practical use. The Physicists Research "bridge" be- 
tween noisy machines and quiet machines includes ever) 
span necessary for a complete and resultful sound-reduc- 
ing job. 

SPAN No. 


measure the extensive range of characteristics of differ- 


| —Sound Measuring Equipment —To 


ent machinery noises requires sound measuring equip- 
ment of wide variety and flexibility. The Physicists Re- 
search Company has equipment which can be adapted 
quickly and effectively to each particular problem. 

Span No. 2—Diagnosis of Machinery Operation—A 
noisy condition can be corrected most rapidly and most 
economically if the actual cause of the noise can be deter- 
mined definitely. Noise producing vibrations involve di- 
mensions measured in millionths of an inch and times 
measured in thousandths of a second. The most effective 
way to measure these quantities on an actual machine in 
operation is the application of special electrical and 
ther systems of diagnosis. The Physicists Research Com- 

any has experience in devising special measuring equip- 


ne ORGANIZATION 
That Carries The 


pane commen itearenestam JOB 
Over EVERY 














ment, and facilities for adapting it to the specific job. 

SPAN No. 3—Experimental Correlation—This organ- 
ization has had wide experience in correlating measure- 
ments of sound with operation of machines, and in de 
veloping practical means for quieting noise. 

SPAN No. 4—Experimental Modifications—A strictly 
modern machine shop—with a staff whose experience and 
skill would be hard to duplicate—is an integral part of 
the Physicists Research facilities. This shop is operated 
for producing special equipment and is also used for the 
economical construction of experimental modifications of 
the machine being quieted. 

SPAN No. 5—Practical-Minded Staff—tThe individuals 
who make up the Physicists Research organization have a 
practical engineering and manufacturing background. 
Their decisions are always based on more than theoretical 
experimentation. 

SPAN No. 6—Carry Through—The organization is 
thoroughly experienced in working with the customer in 
ironing out the ‘bugs’ which may occur in making the 
application to actual production. 

This ''six-span'' service has solved a number of difficult 
problems. If the reduction of noise in your products is 
important from either a mechanical or a sales standpoint 
this same service may prove to be the answer to YOUR 


problems. Your inquiry will obligate you in no way. 


re esiCis?Ts RESEARCH COMPANY 


43 SOUTH MAIN STREET 


ANN ARBOR, MICHIGAN 
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SECTION 4 
TOTAL SOUND METERS 
OBJECTIVE INSTRUMENTS 
the mal different make 1! tota sound meters o1 
et il eVE day use n th acoustical condi 
f machines and buildings, fe differ appreciably 
the conventional type. This type consists essentially 
comp ent ndicated in Fig There are five esse} 
t (1) a microphone tf converting the sound en 
nto an equivalent electrica tage; (2) an amplifie 
creasing the energy of this signal to the point where 
perate an indicat (3) an attenuator for adjust 
e yall tf the amplifier to provide more or less cor 
i 
Ww 
Vetw 
! chen ¢ diagr ta level meter 
itput t the ndicato. n spite ¢ f conside rable range 
! ntensity apphed to the microphone; (4) a weight 
t I ( contro if the freque ney response so as to 
ite the action of the ear as closely as possible, and 
n indicating type electrical instrument, the reading of 
n conjunction with the setting of the attenuator, 
ndicate the ntensity level, or pressure level of the 
hese separate components there are considerable vari 
and, in general, the value of the instrument, in r¢ 


ts accuracy, portability, convenience, and eas® and 


permanence of calibration, lies in the particular design of 


these 

factul 
overal 
and t 


up by 


SeVE Although each 
unlimited freedom 
of the its steady 
ransient response, are governed by the 


the Standards 


ral components individual manu 
of elements, the 
State 


standards set 


er has in choice 


operation instrument, and 


American Association. 


Microphones. 


The 
evel I 


trical 





microphone! is the acoustical element of the sound 
neter that translates the sound vibrations into elec 
voltages. Corresponding to the sound wave in air, 


there are periodic variations in pressure, density, tempera 
ture, and particle velocity. Any device that measures one 0} 
nore of these variations may be called a microphone. A] 
though few of the microphones used in sound meters are 
designed primarily for this application, there are fortu 
nately large number of types and designs of microphones 
ised in related sound work that can be adapted for use in 

ise meters 

rhe sensitivity of the microphone as a function of fre 
quency, or the frequency response, is an important prop 


erty of the instrument, just as the frequency response of 
the entire instrument is important enough to be specified 
n the standards set up for noise measurements. This re 
sponse of the microphone is generally determined by cali 
bration Calibrations are commonly made in terms of 
either the voltage generated per unit of pressure actually 
icting on the instrument, or in terms of the voltage pei 
init of pressure, at the point at which the microphone is 
situated before the microphone is placed in the sound field 
lhe former is called the pressure calibration, and the latte: 
the free field calibration. Both are important in acoustical 
because unless the microphone is small compared with 
the wave-length of sound to be measured, the microphone 
liffract the sound wave, and the pressure acting 01 
the diaphragm will not be the same as the free field pres 
ive. Diffraction exhibits itself as a directional characte 
tic of the microphone. In other words, the frequency re 
| e varies with the angle of incidence of the waves 
Phere ire n genera tw » types of microphones, the pres 
ire microphones, and the velocity microphones, responsive 
espective to sound pressure and particle velocity A 
microphone ft use in noise work must be rugged and 
stable, and must be capable of holding its calibration fon 


Condenser Microphone, 


This is the simplest type of microphone, and 


essentially of two parallel insulated plates or dia) 
one fixed and the other movable under the actio 
alternating pressure of the sound wave. Due to thi 
configuration of the plates, and their spacing, thi 


definite electrical capacitance associated with the 


Variation of position of one plate with respect to t 
causes a change 


in this capacitance. Consequently, 


stant potential is maintained across the plates, a 
will flow in the circuit, which constitutes the cha 

rent due to the change in capacitance, The potent 
ition appearing across a series resistance in this « 


the grid of the amplifier tube. Some « 
the 


be tween 


Impress¢ d o1 
made with 
potential, 


fixed potential is 


microphones are diaphragm mount 


intermediate two grids, between 


maintained. This gives a push-pul 
the 
required, and the minute current 


and doubles the sensitivity of microphone. Bee; 
the high potential 
+} 


How, the condenser microphone is a high impedances 


and requires a pre-amplifier at the microphone. Th 
advantag‘ 
the 


inconvenience, although a 
in that the output can be 
the tube 


compensating 
impressed directly on 
intermediate transformer. 


without an 


Dynamic Microphone. 

The dynamic type of microphone is the result of 
tempt to get away from the high impedance and in 
of 
convenient and portable, has greater sensitivity and « 
The con 


tion of the dynamic microphone consists of a circula 


lence the condenser microphone. This type is extr 


made with equally good frequency response. 


of wire fastened to a thin flexible diaphragm, whi 
mounted so that the coil is inserted into an intense r: 
magnetic field concentric with the coil axis. Variatio 


pressure on the diaphragm cause axial motion of the 
and so generate a voltage which is the output of the n 
phone. The voltage generated by a coil moving in a 
netic field is proportional to the velocity, and if the 


is to be proportional to the sound pressure, the vel 
must be proportional to the sound pressure. This m« 
that the impedance of the moving system must be a « 
stant, or it must be resistance-controlled. This condit 


provided by proper design of the instrument. 


Crystal Microphone. 

This type of microphone depends upon the piezoele 
properties of certain crystals, as a result of which, a \ 
ation in the pressure applied to the faces of a crystal cau 
variations in charge to appear on the surfaces of the ¢ 
tal receiving the pressure. Only certain crystals exhibit 
of the most commonly materials be 
quartz and Rochelle salt. Rochelle 
effect hundreds of times that of most other crystals. It 


action, two used 


however, certain limitations as to mechanical strength, « 
and the effect of moisture. These 111 
tations are rapidly being overcome in the newer models, a 


erating temperature 


its light weight, convenience, and moderate sensitivity m 
work. 


it much desired in noise 


Velocity Microphone. 
The velocity type of 
stretched strip of metallic mounted in a 
field, so that motion of the ribbon parallel to itself wu 
the action of the variation in air velocity causes a gene 
tion of voltage across the terminals of the ribbon. This t 


loos 


microphone consists of a 
ribbon 


has advantages for sound work, particularly because of 
directional sensitivity. However, because of size, mecha 


limitations, and lower sensitivity it is not extensively u 


fo. 
Carbon Button Microphone. 
The 


good mechanical strength but, due to the action of the « 


noise Wo! k. 


carbon button microphone has high sensitivity 


bon granules which set up an electrical noise in the cir 


this type of microphone is not used in noise work. H 


ever, recent designs of carbon microphones have been 
proved to the point where they have an extremely low 1 


le vel. 


salt has a piezoelect 


magnet 



































































































lube Amplifier. 
yolifier is that element of the total sound mete) 
sed to increase the energy of the small signals re 
the microphone. Modern amplifiers cover a myriad 
and circuits. Any type of amplifier, whether using 
mer or resistance-capacitance coupling, is satisfac 
t has the proper frequency response, gain, stability, 
manence of calibration. The inverse feed-back type 
fier has been used to good advantage, providing as 
a flat frequency response. 
f the amplifier is the attenuator, which is usually 
icted in logarithmic steps of 5 or 10 db. The mini 
tep of the attenuator must be less than the range of 
licating instrument. Also included in the amplifier is 
equency response control, or the weighting networks. 
may be two or more in number, and are specified by 
tandards set up by the American Standards associa 
for sound level meters for measurement of noise 
her sounds. 
Indicating Instrument. 

t sound level meters use for their indicating instru 
a rectifier type a-c. instrument calibrated to read in 
ls. The scale range is generally 15 to 20 db. Due to 
roperties of the decibel scale, and the basic characte) 

if the d-c. movement which forms the basis of the 
uneven that only a relatively 


iment, the scale is s¢ 
portion of it is open enough to be really useful. Con 
ently, although the indicator may have a total range of 
ib, the attenuator will usually have a 5 db step, so that 
ndicator can normally be read in the best part of its 
ile. The sum of the readings of the attenuator and of the 
cator, provides the reading of the entire instrument, 
ich is the sound pressure level at the microphone, above 


ven base or reference level. 


Decibel Meter. 

[he ordinary d-c. milliammeter is designed to have equal 
spacing on the scale for equal increments of current. This 

secured by having the moving coil, to which the pointe 

attached, rotate in an air gap of uniform flux density 
roughout its range. Since the flux density is constant, 

e torque on the coil will be proportional to the current, 

1 since the pointer acts against a spring providing a 
estoring force proportional to the deflection, equal deflec 

ns are obtained for equal increments of current. 

\ characteristic of the decibel scale is that the percen 
tage decrease in current corresponding to one decibel is con 
tant whatever the value of current. But since the actual 

rent change represented by one decibel is smaller fo 
naller currents, the space on the scale represented by one 

‘ibel decreases as the current decreases, or as the decibel 

ss increases. Consequently the upper portions of the scale 
ire spread wide apart and the lower portions are crowded 
gether. 

\ decibel meter has been designed to overcome this con 

on and provide a uniform scale.* In this meter, an 
ttempt has been made to decrease the torque on the coi 

the current iiicreases, by reducing the flux density in 
hich the coil operates as it rotates toward the position of 
rher current. This is done by constructing a variable 

Ith air gap. The maximum flux density, or narrowest 

p, is found at the position of minimum current, and in 

ckwise rotation of the coil the gap increases at the 

per rate to make the scale divisions uniform. This type 
meter has the advantage of a uniform scale, but is in 
ently of lower sensitivity, since it applies to the whole 


ile the sensitivity corresponding to the crowded portion 


he original scale. Also, at the upper extreme of rota- 
due to the lowered flux density, the damping force 


tilable is less than in the conventional type of meter. 


+ 


\ commercial instrument that makes use of a uniform 
e decibel meter is that described by Ballantine.® This 
ssentially a wide range a-c. vacuum tube voltmeter, hav 
r a special d-c. indicator whose deflection is proportional 
the logarithm of the current. One advantage of a uni 


m seale reading in decibels is that the percentage of 
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AND INSTRUMENT SERVICE... 


It is significant, that on the whole, difficult trans- 
former jobs find their way to UTC—jobs requiring un- 
usual engineering ingenuity; improved design methods; 
advanced production technique’ and equipment. UTC 
items range from 1/3 oz. hearing aid components to 10 
ton power transformers. Typical users of UTC products 
are General Electric, R.C.A., Western Electric, Westing- 
house, Weston. Write our engineering department for 
assistance in your transformer problem. 


LINEAR STANDARD 


OUNCER 


The UTC Ouncer 
Series represents the 
acme in compact qual- 
ity transformer prac- 
tice. Units weigh ap- 
proximately one ounce, 
and those which do not 
carry DC have high fi- 
delity characteristics, 
uniform in response 
from 40 to 15,000 cy- 
cles. Ouncer trans- 
formers are ideal for 
hearing aid, aircraft, 
portable, and con- 
cealed service applica- 
tions. 


Linear Standard compo- 
nents are ideal high fidelity 
units for every quality appli- 
cation. Frequency response is 
guaranteed uniform from 30 
to 20,000 cycles. Multiple al- 
loy shielding effects maxi- 
mum reduction in hum pickup. 
100 different stock types 
available for operating levels 
from —140 DB to 2 KW. 


VARITRAN 


UTC Varitran Voltage 
Control units are ideal 
for controlling light and 
heat... motor speed con- 
trol... breakdown test- 
ing ... meter calibration, 
etc. The regulation and 
efficiency are excellent; 
no distortion of wave 
form occurs, and almost 
stepless output control 
(0-130 volts) is effected. 
Units are available with 
ratings from 230 watts 
to 25 KW. 


For full details of these and other UTC types of mate- 
rial, write for your copy of the new UTC BC 1 bulletin. 


UNITED TRANSFORMER CORP. 


150 VARICK STREET- DESIGN DIVISION: NEW YORK, N. Y. 


EXPORT DIVISION: 100 VARICK STREET, NEW YORK, N. Y. 
CABLES: “ARLAB" 
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is used between S80 and 1 
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may be removed fro. t! strument 
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most other si a Instruments, vibrat t 1 
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General Electric Company's sound level meter (center), set up with 
inalyzer unit (left) 





i-lo engineers Inform us that a new sound I ter, mnt Fig 10. Westinghouse 
levelopment, will be released in October 1939 that tl Elec. & Mfg. ¢ $s sound 
VI ere is on idered obs lete hd / a level meter (Also shown 
s vibration pick eterred 

in Secti 


SECTION 6 
COMMERCIAL NOISE METERS 


addition to the essential components which all con 
il noise meters provide, some provide one or more ad 
nal features which make the instrument more con 
ent or useful under certain conditions. The Type 759-A 


} 


1 level meter made by the General Radio Co. is show) 





Fig. 5. This is based on the schematic circuit indicated 
Fig. 6. It will be seen that an auxiliary attenuator of 
lb is provided with a high gain amplifier, which makes 
total range of the instrument from 24 to 130 db. Pr 
plifier stages are provided between the auxiliary and the 
tep-by-step attenuators, and between the latter and_ the 
rhting networks. The main amplifier stages follow. the 


ter, and lead to the rectifier type output meter having a 








the design 1s such as to make the Instrument free fon 
netic pickup. This is important, for in many of the 
where noise meters are used there 1S co! derable bration 
and noise, whicl must have no effect m the at I { 
self. Calibration of t amplifie Is checked | ! f 
Fig. 8. A sound level meter built by the E. FE. Free Laboratories : ge : ; ; : 
This shows “manufactured” form, now supersed b iy voltage obtainable from a I15-volt 60-eycle a- irce, Co 
built to individual specifications nections are provided by means of a socket n the mic 
phone compartment 
The sound level meter made by the Gene i Elect ( 




















£ .) Ip 1 tl tor ot r nd- 4 ] ’ 
Free Laboratories’ equipment used in investiga } sound Mfc. ( »? Elec ( Research P icts 
Ofing ot airplanes: microphone; microphone amplifier; 8-band trequency : 
1 ] cy ] } ~ tT 
yzer; sound level meter; c-r. oscilloscope of standard commercial type n | s. & 2 ' eSpec ¢ 








The electronic a-c. voltmeter manufactured by Ballan 
tine~ 1s essentially the same as the electrical-measurement 
portion of the usual type of sound level meter. It is a volt 
meter of high sensitivity and wide range, and has a flat 
response for both audio and supersonic frequencies. A 
dynamic microphone which is available, is all that is neces 
Sary to convert it into a sound level meter. The weighting 
network Is In a separate unit, and the decibel scale out 
put mete ind attenuator are provided in the instrument. 

The rectifier type output mete) novel. It is a special 
1-¢ tv pe n whien ti deflection is proportional to the loga 

thm of the current. In addition, a feedback circuit is pro 

led whereby some of the rectified current is brought back 
to the input circuit of the amplifier. By feeding back energy 
of ersed phase to the input of the System, tne rectifie! 
characteristic can be straightened ut and the distortior 
norma present considerably reduced. This use of feedbacl 
has the effect of providing a rectifier characteristic that is 
essentia milar to that of an ideal rectifier. Thus the out 

it current can be made rigidly proportional to the a-c. 


tage applied to the input terminals of the amplifier. 


I most rectifier circuits high series resistance is used 
te ‘ me tl on-linearity of the rectifier characteristic. 
This has the effect of making the output current propor 


tional to the peak of the a-c. input voltage. The use of a1 
ideal rectifier and small series resistance makes the out 
put current proportional to the average value of input vol 
tage. Thus the effects of harmonics (which are mainly evi 
dent in the peak values) are reduced, and the readings of 
the output meter are more nearly an indication of the true 
m.s. value of the fundamental 
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SECTION 7 
VIBRATION MEASUREMENT 
In studying the overall sound in a room, the total sound 


nterest. However, when the 
machine is 


of this 


if the machine 


reaching the microphone is of 
of interest, it is 


the 


is portable, it 


by a given 
separate the 


Of course, 


produced 
to 
bac kground 

he 


noise 


neces noise machine from 


ary 
noise. 


moved into 


may an acoustically treated room in which 
the background noise level is sufficiently low so as not to 
be of importance in the measurement of sound level. If 
the machine not portable, it becomes necessary to sepa 
rate the noise of that one machine from the background 
noise. In such a case it may be of help to study the vibra 
tion conditions of the machine, inasmuch as the noise radi 
ited comes from vibrating surfaces. Measurements of the 
mplitudes of vibration and the frequencies of the various 
parts of the machine will give a useful answer. Consequently 
t is common practice to use a microphone and vibratio 
pickup interchangeably on the input of the amplifier. 

Manufacture? of sound level meters prov de vibratio1 
pickups to be used with their instruments.’ These pickups 
ire f several types the piezoelectric, magnetostrictive, 
magne c ayti nic and the magnetic reluctance ypes Sev 
‘ types of vibration pickups are indicated in Figs. 10 
12, and 1] 

Vibration pickups are simple oscillating systems, a) 
ranged to be drive d rectly Dy contact with the vibrating 
INSTR MENTS 


member, or to be driven by reaction, as in 
type of pickup. Among the crystal type pickups 

the direct-driven or displacement type, in which 

age output is proportional to the displacement of 
brating member, and the reaction type, in which th« 
in such a manner that only one portio) 
(which the 


is mounted 


ened to the case s driven by vibrat 


ber). As the case vibrat the crystal is deflected 
its own inertia, and produces a voltage proportior 
acceleration of the case. 

In the magnetic type, the voltage generation 
ult of tl movement of a coil in a magnetic fie 


dynamic type 





General Electric ¢ 


ompany 5 ele 


Mur “ 4 NW \ ~ a Lu Meter. ¢ Ky Re 


ctromagnetic type 


radial ma 
the 
fixed armature w 


speaker in which a circular coil 
field. Anothe) 
induced 

mounted 
the flux threading the 
generated 
tional to its velocity, this type of pickup will indicat 
velocity of vibration of the This voltag 
differentiated or integrated appropriate circuits t 
vide a voltage which is proportional to the accelerat 
the 


moves ina 


construction fo. voltage 


wound 


provides 
about a 
vibrated 
Inasmuch 


Into a coll 


spring magnet Is manner to 
as the vo 


field is ] 


in a 
armature. 
by a coil moving in a magnetic 
surface. 


by 


Cal 


res 


respectively. As 


displacement 


resistance-<¢ 





MODEL 618-628 





vibration pickup 


Brothers 


Shure piezoelectric type 


tance circuit connected across the output of the pickup, 


the amplifier connected across the resistance, will prov 


differentiation; while if the amplifier is connecied across 1 


condenser, the circuit will provide integration. Of cou 


in each case certain numerical relations must exist betwes 


the circuit constants. 
For frequency analysis, it is immaterial what typ 
pickup is used. However, for magnitude studies, it is to 


noted that the displacement type of pickup will give a 


tage independent of frequency, depending only upon tl! 
amplitude of vibration. For constant amplitude of vit 
tion, the velocity type will give a voltage that increases 
portionately with the frequency, while the acceleration ty} 
gives a voltage which increases as the square of the f 
quency 
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SECTION 8 
4,1, SOUND METERS—RECORDING TYPES 
the individual types of sound level meters may be 
to be indicating or recording, or both. In general 
used for different purposes, the recording types 
<tremely useful in the study of transient noise ef 


veral examples of the automatic recording type of 


ind meters have been described in the literature, the 
table example being the High-speed Level Recorde 
1 by Wente, Bedell, and Swartzel.' This instrument 
; of the usual type of sound level meter arranged 
servo-mechanism to control the position of the atten 
as to keep the output always constant. In the ordin 


cating type of meter, a range of some 10 to 15 db 
tted in the indication and the finest step in the at 
is 10 or possibly 5 db. If the number of positions 


attenuator were increased, and the difference in deci 
tween successive positions made sufficiently small, the 
n of the attenuator could be adjusted to hold the 
reading constant at all times. The position of the at 

r would then be an indication of the sound level. 

is accomplished in the instrument by means of an 
iator covering 60 db in 1-db steps, moto} driven by 
s of two clutches in such a manner that by engaging 
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I 1. Simplified rectifier and control circuit diagram of sound level 
recorder described by Wente, Bedell and Swartzel 
(Courtesy Journal Acoustical Societu of f 
ne or the other of the two clutches, the attenuator shaft 


be driven in either direction. These two clutches are 
controlled by the current flowing in a rectifier circuit con 
cted to the output of the sound level amplifier. The cit 
cuit for doing this is shown in Fig. 14, where L; and L. 
are the two clutch coils. L; operates the attenuator in such 
a direction to decrease the output of the amplifier, and L. 
perates to increase the output. If the two rectifiers V, and 
V2 are considered for zero voltage drop, the maximum cut 
rent that can flow in R, that is, the maximum value of 7», 
equal to (Fe E:})/R. If the current taken by the two 
icuum tubes is greater than this, the additional current 
ist flow, under the influence of the battery F£;, through 
V; and L, operating the clutch to reduce the current. If 
the current is less than this value no current will flow in 
and no current will flow in Le until the total current 
‘omes less than the value of E:/R. Thus for currents less 
an one given value, one clutch operates, and for currents 
reater than a second given value the other clutch operates. 
\y proper design these limits can be brought as close to 
ther as desired, the difference preferably being less than 
it necessary to cause the change of the attenuator by its 
allest division. 
At the same time that the attenuator is changed, its 
tion is indicated on a roll of waxed colored paper by 
ans of a stylus which scrapes off the wax and bares the 
red paper underneath. This is the transient record of 
sound level recorded by the instrument. By choice of 


t speed of 


++ 


enuator steps and gearing, several ranges 

ponse are provided for the instrument. 

In addition to its use in the direct measurement of nois¢ 
sound level, this instrument finds considerabie applica 
in the study of speech and music,” of architectural 
istics® and of the abserption and transmission of sound 
ugh various types of materials’. 

\ similar type of instrument is that supplied by the 
d Apparatus Company.” It consist$ essentially of ar 
ut potentiometer, amplifier, and rectifier, and a ser\ 
hanism to control the position of the potentiometer 1 














yet it 
COSTS LESS 


@ The same engineering and production 
skill that has prov ided compact conden- 
ser blocks for the majority of successful 
radio sets, is available to you in meeting 


capacitance problems. 


A multiple-section condenser made by 
AEROVOX trequently costs less than 
a corresponding batch of standard units 
And such a compact, neat, simplified 
mounting unit may mean far greater 
savings in your assembly and wiring 
costs. Certainly this is worth looking 


into. 


SUBMIT THAT PROBLEM 


@ Send along your capacitance prob 
lem for A.A.E. (Aerovox Applica 
tion Engineering) service. Sugges 


trons, specifications, samples and 


quotations cheerfully given. 


EROVOX 


CORPORATION 


NEW BEDFORD, MASS. 





IN CANADA: AEROVOX CANADA. Limited Hamilton. Ont. 












( eedas ye Y ire p aead 
} ( ematic circult t tne ! I iment \ } ! 
f the input onal (detert ed | the position of the 
{ eter) Lp poise to the ampiine ind thence to the 
j 5 
K 
¢ 
\ 
( 4 
= G mM 
R 
S f t Se { Ay itus Co.'s sound le ecorde 
é ectifie ne itte) ( ns ts of ft » parts ne 
| constant mal lc. obtained fron i 60-cevele 
ire econd part, consisting of the rectified output 
{ ft ) fie Ihe e tT volt res are applied to two op 
ng ¢ ind al t a rotating steel disk. Two prongs 
f a magnetic f de on the edges of the disk, tl 
] clearane Det ¢ them Oo tnat onl ne prong cal 
n intimate contact ith the disk at a time. This fo 
es the potentiomete contact and the stylus 


Output of 


e first part of the rectifier attracts to the disk the prope 


! { the fo t rive it toward the zero positior It 
t posit the potentiometer setting 1s maximal. As a 
na ippea ( the nput of the system, the rectified 
itput f the mplifier is applied to the second operating 
( nd se ( to counterbalance the pull of the first coil, 
i the friction of the fork prong on the disk is reduced 
f the signal is great enough, the opposite prong of the fork 


attracted to the disk, and the friction causes the fork to 


However, this re 





hye iriven away from the zero positio! 
lueces the setting of the potentiometer, which reduces the 
uutput of the rectifier, and as soon as the two currents are 
ilaneced, the fork stops. Further increase in signal drives 
t out farther and so lowers the setting of the potentiom 
eter, while a decrease in signal drives the fork back toward 
the ze position. The minimum change in input signal to 
cause the fork to move is 0.004 volts 
severa ad tferent nterchangeabl potentiometers are 
ullable ul can be placed in the instrument 
These cove. inges of to 75 db in 100 steps, which 
makes the minimum step available about 1/4 db. The re 


ce s flat within 0.4 db from 30 to 15,000 cycles. These 


used for electrical 


tentiometers, calibrated in decibels, are 
easurement | und measurements, a potentiomete! 
ited In pho! s used, 7 s has its associated eight 
et i? is ral fro. 0) to 105 phons. In the 
{re encyv rang’ 1 ) 1 10,000 evyeles thi Svstem agrees 
; . ) ss ne } thy ets) Lr elghting cu es The 
Her f operat f the stvlus depends upon the speed of 
the motor and the ( f the disk. For normal operatior 
PESTS) 


aesigned 


The instrument, as described, was 


f 


‘naracteristics of acoustical equ 





‘om ses in the generation circuit a beat frequen 
itor, amplifi r, and loudspeaker; and in the record 
1 microphone, amplifier, logarithmic voltmeter and 
nets This gives a photographie record, in whi 


scissa are controlled by the position of the condenss 


and the rdinates are the voltmete 


l r 
lecibels. The recording unit could just as easil 
measure Intensity level rrespective of what ea 
ound 


The logarithmic voltmeter” is the important pa 


amplifier makes use of two type 


tube Is an exponential funct 


grid bias In operation, the output of the an 





+ +} 


applied, as a bias, t 


the less tl 


filtered, and thet 


rectified, 
remote cut-off tubes. The 
of the 
uutput, as do the 


larger the output, 
as regulators to maintain ce 


volume control tubes in n 


tubes, wh 
automatic 
radio sets. The 


value of bias impressed on the tubes 


measure of the signal in] 


proximately a logarithmic u 
the amplifier, and is indicated by means of a galvanomet 
Phase connections and time constants throughout the at 
fic 
luce the time constant of th 
Ing sound leve Is are 


Anothe 


dese. ibed 


is particularly 
output filter if rapidly 
to be measured. 

type of amplifier for 
by Taylor.‘ In 


are important, and it important t 


logarithmic record 


this amplifier use is made 
garithmie characteristic tube of the 6D6 type. 


pe. How 


because the characteristic is not entirely logarithmi 


this difference by n 
tubes in parallel. In this way 
inade truly logarithmic 
primary 

and two 6C6 tubes in 


attempt is made to compensate for 
of the addition of othe. 
combined characteristic can be 


actual use, in addition to the 6D6, a second 61! 


used with greater bias, paralle 


resulting curve of plate current input signal can be 


ciosely logarithmic. 


Another instrument useful as a recording sound 
meter, although designed p1 


¢ 


imarily for recording the 
response of acoustic instruments and sour 
Audi-o-Graph (Fig. 16) of the Tobe De 


*s Instrument Division, Canton, Mass 


equency 


tems, 1S the 





comprises (1) a beat frequency oscillator delivering 


audio frequency voltage for appli 





















































BEAT FREQUENCY 
STANDARD 
SIGNAL GENERATOR 


| oo 


Many new design features are incorpo- 
sted in the CR-6 which contribute to 
ts outstanding performance in stability 
wave and constant output 

The oscillator possesses unique features 


form level. 
which are desirable in making measure- 
high gain the 
sudio frequency range and in the radio 


below 50KC. 


ments on equipment in 


frequency range 

@Two frequency ranges: 10 to 20,000 cps, and 10 to 50,000 
cps, both having logarithmic frequency scale, hand calibrated 
at each point. 

@5 watts output. 

@A ladder attenuating network and voltmeter supplying a stand 
ard signal down to .0001 volts full scale. This is equivalent to 

85 db (zero — 6mw 500 ohms). 





BA milti stage stabilized fe 


feedback, which allows high ou 
distortion and a flat response 
@ Very low internal output mpe 
10aa 
BVery low harmon content 
quency range at full output 


tput af low tre 


Jance, 35( 














Mfrd. by JONES -ORME Co., 2235 University Ave., St. Paul 





standard 





rated 


ectly to the system under test, (2) a ca 


sound when the 


picking up 
recording sound meter, (3) a 


stal microphone for waves 
is used as a 
amplifier 
(4) a 
audio-frequency voltage, 
1 charts graduated in 


trument 
e audio-frequency 
the 


o changes in 


to insure ample voltage f 


erating recorder, motor-actuated pen respond 


1 
{ and (5) a ecnart 


de cibels. 
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General Wave Analysis. 


Among the various ty} 
i been borrowed fo} 
most mp 1 l CX¢ | 
tl Wave il 
of the mo} co ne 
Its use n acoustk nt 
conte oft comple ( ‘ 
The use of ai rmoni¢ 
[wo of t ‘ ‘ y 
oltz and Rayleigh, made 
erved o 1de1 CO ) 
tuned, and to ¢ yu 
no : Wort W f 
' — ? i ’ is T ‘ ryere 
cal resonato) 
\ complex period \ 
»f umber of pul 
frequencies, and tne p) 
cerned witt the daetern 
frequencies. One possib 
to recore Oo fily 
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presel 


f und ana No s electrical resonance suffi 
¢ pp post ot } ) t\cousLICal iNaiysl 
Ay ! nalyzZe Vitn extremely narp 
f le ¢ ' wnen the irce oO! voltag oO! 
ind W he the rument used to 
f I otor, Tor Instance or othe ource 
tre ( ip jec to nt va illo! an an 
1 I vide ) 1 e( t a red. Some stru 
pro both rrow sharp band pass, and much 
and orde? be usetu inde different condi 
| e are il time wher wide band pa filter 
fu d group f these a often combined in one 
ime to cover the whole audio frequency range ir 
nd 
é rpne ot ol nee of in Os¢ iting tem de 
] ip ne 2 oO of 1 ctance to resistance, or more 
1) tl tlio Of energy storage to energy dissipa 
af commonly expressed in the form of the “qQ 
pel For a given reactance, the less the re tance the 
per the resonance. With electrical apparatus, that is, 
co wound n the best pos ble manner on low los 
Line ilue of ) n the neighborhood of 200 or less, 
e with other types of resonance, such as mechanical 
nance, values of @ as high as several thousand are 
ble 
pressing tl rpness of tuning as the width of a 
1 in cy (at a given value of attenuation from the 
) i i percent e of the mid frequency, it seen 
possible to increase the sharpness of tuning by 
asl the f equency of ! onance. However, In acous 
probler th ( ential factor is the actual width of 
band in cycles, and not the percentage width. Conse 
t is even less advantageous to choose a particu 
high value of resonance frequency. The actual value 
ade ust high enough to avoid difficulty in design o1 
tructlior 
irly models of electric wave analyzers, and some that 
n use today made use of tuned electrical circuits 
many as two or three stages in series. However, 
modern tyne of wave inalyzers, n order to obtain 
pre f tuning, make u f mechanical or electro 
inical resonators. This group includes the purely me 
eal, the magnetostrictive and the pie zoelectric resona 
or filter 
e frequency range and the ease of tuning of the re 
ora mportant. An acoustical resonator can be tuned 
tly to audio frequencie Some mechancal and elec 
| resonators can be tuned directly to this range as 
Kor tho resonators which can be tuned over the 
-frequency rang it Is only necessary to apply the 
tical Wave or the electrical wave derived from it, to 
resonator ind by varying th esonance frequency 
ut tl desired ing to not the amplitude of 
ponse t eacl etting 
REFERENC!I 
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SECTION 10 
DIRECT RESONATING INSTRUMENTS 


‘ mp examp! of the direct resonating type of 
er is that described by Wegel and Moore!. This ir 
ent has two inges, from 20-1250 cycles, and 8&0 
cVCleE The complex wave is introduced into a selec 
network containing a sharply tuned « cuit whose fre 
( of tuning is controlled by varying a capacitance. 


of the network occurs when 



































jue cy to whnien tn onant circult Is tuned coiling 
the frequet cy if a con ponent of the complex “ 
nstrument be ? ae ndicat.l or recording 
be used w } teleprone recelvel t the ind Cath 
ment The frequencies of the Various Component ne 
be harmonk of iV given frequency, but may be 
juen vhatever w hin the range of the lective 
L | 
it’ -_ . 
Wt. J Jj j j a i 
rN ( 
i- == pe | 
x 1 Dosa i23R 
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Bit" a | Am; 
= c Tuned Circuit : | Rectif 
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diagram ot inalyzer describe 


Wegel and 
(Courts Ve! n Institut 


Schematic circuit frequency 


Moore 

f Klectri | ISneines 
d 
he een, 1t accomplishes the 


ot 


Ihe 


readily 


circuit is indicat in 


analysis 


ed circuit fron 


schematically 


hunting current through tun 


nput network. 

The analyzer described by Delsasso- has the 
resonating type of mechanical filter. It makes us¢ 
sharply resonant mechanical oscillating system that 


The 


instrument is ca 


amplifier. 
The 


to the frequencies of the 


Cc lly to the 


ed electrostat! 
observed optically 


pl 
yscillation is 
being tuned directly 


he con plex sound to be analyzed. 


of 
components of t 
The 


Ing a 


resonant system is a small aluminum needle 


rl 
tension 


and fine 
the 
in elliptical spring. 


be 


and 


concave 
rhe 
screw through 
aration ol 
T he 
resonant mechanical system, 
“ 
the 


mirro? supported by three 


regulated by a 


The 


a 


wire In system 


mete 


angula 


the wires can adjusted by second mit 


eter. mirror, needle wires constitute 


a sn 


of the 
torque supplied by 


moment needte 


the su 


is determin by the of inertia 


mirror, and restoring 


sions. The natural frequency is a direct function of 
wire tension and can be determined from the readin 
single micrometer. The range of frequency 1s fron 
550 cycles per second 

The driving force is obtained electrostatically. The 1 


suspended at an potential, between 


charged plates, and by varying the potential of the 1 
n accordance with the volta re output of the microp 
amplifier, the needle is set into oscillation. The mir 
the oscillating system-reflects the light from a sou 
a screen, indicating the amplitude of oscillation by 
length of the line of light. Thus, by continuously va 


setting of the 
frequency 
determined. This 


mple. It obviates the 


the 
oscillation, the 
b 

tremely 


spectrum of the unknown 


‘an instrument is portable 


need of additional os« 


and modulator, used with heterodyne types of analyze 


Lung 


the natural frequency of w 


eP¢ 


micrometer and noting the amplitude 


and 


Another type of mechanical resonating anvlyze? 
scribed by Hickman’. In this instrument a large n 
of separate resonators, consisting of small tuned 1 
ire set into vibration electromagnetically. They are 
to definite frequency intervals, and are set into vib? 
by the current output of the amplifier. Small mirror 
each element reflect the light from a narrow bean 
creen. With the instrument unexcited the screen pre 
ies of dots of light lying on a straight line. W1 
current passed throurh the exciting coils, those el 
which are excited by appropriate components in the 
rent vibrate and their spots of light are spread out 
lines of light of different length, set perpendicular t 
ne of spots. Thus at a glance the frequency and n 
tude of each component of the wave can be reco 
Th ] called t} e spectrometeé}l type of al aly wer. 

Modifications of the pectrometer type ot nstru 
have been used in the study of particular sounds in w 


amplitude 


? 


















































































frequencies are normally present’. This is often the 
Here 


frequency components are always present depend 


the study of the noise of rotating machinery. 


on the speed, gear pitch, and other factors of the 

In the study of such a machine for the 
ating the the 
es, tuned reeds of the above type may be built and 
i to the particular frequencies of interest. These are 
with the frame of 
indicate 


noise, or in tactory inspection of the 


by mechanical contact the ma 
They may be 
o-magnetically through a vacuum tube amplifier, the 
tude of that particular frequency 
on of the machine. 
type of direct 
» filter type exemplified by the Industrial Noise Ana 
Electrical Research Products Inc. of 
York®. This type is extremely useful where a rapid 


arranged to optically, o1 


component 1n the 
sound meter is the 


ther resonatine 


developed by 


instrument is needed, or where the source of sound is 
varying frequency and a sharply tuned filter system 
Fig. 18. Industrial nose 
inalyzer, Type RA-248, 


of Electrical Research 
Products Inc., intended 
for routine acoustic pro 





duction testing by semi 
skilled labor 
tuld be unsuitable. This instrument (see Fig. 18) is in 


nded primarily for routine acoustic production testing of 
roducts in which the noise produced must be limited, or 
which 
easure of quality in assembly. It consists essentially of 


products in noise or vibration may be used as a 


(1) a microphone which converts the noise produced by 
.e product under test into a corresponding electrical volt 
ge, (2) the electrical filters which from the 
crophone to the amplifier only the particular band of 
frequencies affected when a faulty product is 
tested, and (3) the amplifier and indicator which produce 
A visible indication of the power level in the 
rhe the instrument 
choice of frequency bands and high- or 


This is accomplished by using a small number of tapped 


wave pass 


which is 
band selected. 


for a wide 
low-pass sections. 


filter element of provides 


ductances and capacitor groups which are connected as 
equired for each band by a special selector switch. 

Direct methods have the 
vhen component, 


advantage of 1 
but their abil tv to 
not far separated in the frequency 
pectrum is limited and the adjustments necessary to 
ze a large frequency range make their operation slow. 
\nalyzers using heterodyne methods built with 
uch higher reselving power and greater ease of adjust 


EY 


resonance speec 


single 


measuring a 


resolve components 


can be 


R. L. Wegel & C. R. Moore An Electrical Frequenc Analyzer 
msactions fmerican Institute of Electrical fF rneers, Vol 3 

4 pnge 457-46 discussion, pages 46 166. (al publist 1 ir 
l Sustem Technical Journal, Vol 1924, pa 19.992 ) 
\nother type of tuned electrical circuit) anal de b 
\. G. Landeen. Analyzer for Complex Electr W | LS 

Technical Journal, Vol. 6, 1927, pages 2 { 
| IP. Delsasso \ New \cousti Analy l Deterr tion f 
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Society of America, Vol. 3, 1931, pages 167-178 
( N. Hickr 1 An Acoustic Spectro ter Jou 1 
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lectro-acoustic Instruments for Measur nt ar \r 
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DAVEN ATTENUATORS 


in Audiometers, Noise Meters and 
Sound Level Indicators, Etc. 


for USE 


The Daven Company manufactures a selec- 
tion of precision controls for use in Sound 
Measuring Equipment. Units requiring special 
attenuations or impedances available upon 


short notice. 


THE DAVEN COMPANY 


158 SUMMIT STREET 


NEWARK NEW JERSEY 








SECTION 11 

HETERODYNE TYPE OF ANALYZING 
The difficulty with the direct-res 
instrument is the problem of 


INSTRUMENT 
nating type of ana 
obtaining an adjustable filter 


or frequency sensitive element that is selective e1 ign, and 


still adjustable over the complete audio-frequency range 
This is difficult for two reasons: the filters which are inhe 
ently the most selective are gene rally of supersonic 

radio frequency. And secondly, the selective types are not 
easily adjustable in frequency, for their natural frequene 
set by their physical dimensions. Thus, the mechanical reso 
ators of the highest Q@ values* are the magnetostrictive and 
piezoelectric oscillators and are naturally of high frequency 
When the natural frequency of the resonating element is 
outside the audio-frequency range, the unknown wa n 


be converted to the range modulation of 


a high-frequency carrier. 


of the oscillator by 
Most 


have, in addition to the conventional microphone and 


modern analyzers therefore 
amphi 
fier, a carrier-frequency resonator, whose output is ¢ 
with that of the wave amplifier and applied to a modulato) 
These instruments are called he 

When voltages of two different 
to the modulator, the result of the 
tion of the sum difference 
and 

spectrum of the 
from the 
the unknown 

The use of the 


terodyne analyzers 

frequencies are supplied 
modulation is the fi 
and frequencies.! ' 


so-called side bands, each contains the complete fre 


quency unknown wave upw: 
frequency of the ec: 


tfect 


ward 


Wave 18S 1n € 


heterodyne principle makes pos € a Col 
siderable simplification in equipment. In the simpler type 
1f response analyzers the resonant element has to be 
cessively tuned to all frequencies in the range of the instru 
ment. This makes for a complicated type of filter. Howeve: 
in the heterodyne type of analyzer a filte f fixed 
quency can be built and the wave spectrum shifted succes 

























ent example of w 


ri 
modulator used e} 


and its circuit Is arranged to supp! 


togetne th certain higher orde) 
n the modulator output 

The presence f himher-order ce 
iriation from a square law of the 
can be t iced t 
tude of the wave to be analyz d 
vith securing satisfactory mete) 
the carrle s desirable for it ther 
the analysis t very w Trequenc! 
quency components, the Trequency 
the inne mit of both sidebands 
carrie present in the modulate 
{ the presence f low freque 


any desired extent by keeping the 


1es. In 


u 
ewywp es 
4 a) 
ae | ~ 
WWW : 
- + #000000 > } { -@ 
hes a 
rr, ¥ ? 
z ; oe 
i » Pas cS F 
B | f —_- 
- - = =< = . ) 000 
al SS =: 3 é 
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I l I i ¢ circ described b M ‘ nd ¢ s 
Rey 
! eSSt n the ¢ 1 (tl udio frequency voltage and the 
carrier), the plate current can be shown? by means of the 
( ( ( expresso! to consist of a umber of terms 1 
ng these t frequencies, and their sum and difference 
By suitable design of the modulator the carrier frequency 
can be eliminated from the output, and since the audio fre 
1e! s ol isly out of range of the filter, the only re 
mainit components are the sum and difference terms of 
the side bands. One or the other side band can be eliminated 
t cont neg the rang if the carrier oscillator with re 
spect to the Trequency of the filter. Most of the modulators 
is used in wave analyzers are of this type 
The circuit generally used is that of the balanced modu 


*h IS described by 


Moore 
nploys two vacuum tubes 
ess the carrier frequency 
modulation components 


mponents is due to the 


tube characteristic, and 
magni 
low as is consistent 
mes possible to carry 
analyzing low-fre 
carrie! 
the 

yy output, 


large 


tend t 


and relatively 


would 
ments 


ney compe 








Suppression of 


is close to 





‘Ircult of the balanced modulato Ss snow 


In the grid circuit of each of two tubes the carrier f 
and unknown audio frequency wave are impressed 
rhe two voltages are additive in one grid, and su 
n the othe In the output circuit the transform 


plate circuit are connected in series opposing 



















































































voltages that are in-phase on the two grids (the « 
are opposed and eliminated in the output, and o1 the 
bands (and of course the audio frequency) get throug 
output then goes to the filter in which the audio-freque 
components and the extra side band are emover 

type of circuit careful attention must be paid to the 
ing, both in the tubes and in the circuits, in ord 
complete elimination of the carrier. 

A similar type of modulator is described by La 
although his circuit employs a tuned circuit filter, T 
cuit described by Osbon and Oplinger' is similar a 
cept that provision is made for more accurately balan 
out the carrier in the two tubes by adjustment of the ac 
carrier voltage impressed on the grids of the two tubs 
the circuit described by Hall’ shown in Fig. 20, balance 
the two opposing sections of the circuit in order to elim 
the carrier, is accomplished first, by selection of the t 
used, and s cond, by adjustment of grid bias on one n 
lator tube, and by adjustment of the point of applicati 
plate voltage on the output resistance across the prima} 
the output transforme) 

M Hate Fermanent lagnet 
+ =e 
¥/Orat 
ee ae td se 

Oscillator Input Signa! /nput Output 
Fig. 21. Schematic diagrams of analyzer described by Mead and B« 
thot Analyzer unit; belou equivalent circuit of mechanical band 
hiiter 

Q20 qHrQQ22 4H ae! 
= = 
. to 
ee utpu 
io > oo aa 











] 


vel type of modulator is utilized in the instrument 
bed by Mead and Berry.” The modulation is accom 
d in a magnetic circuit which leads directly into a 
stage mechanical filter. The carrier and audio-fre 

currents are each applied to coils surrounding po 
f 


is pivoted a small armature. The construction is such 


ther current alone exerts no foree on the armature, 


hen both are present, the sum and difference fre 
es are set up in the flux in such a manner that the 
ture can respond. The system is shown schematically 
gy, 21. Due to the carrier current, an oscillating flux is 
in the main magnetic circuit, which flux (if the 
fier current is zero) divides equally between the two 
ps and crosses the air gap at right angles to the 
armature set in a balanced position in the gap. Simi 
with the amplifier current applied alone and with 
ifier coils magnetically reversed, fluxes are set up in 
oeal pole tip circuits, which make use of the armature 
art of their circuit. However, since they are opposed in 
ection through the armature, and if they are balanced, 
e will be no flux in the armature, and therefore no ten 
ey for it to move. Consequently in the case of either 
ent alone there is no action. If both currents are ap 
d, flux passing down through one pole tip is foreed 
ugh the armature into the lower pole tip on the othe) 
le of the axis. Hence there is a tendency for the armature 
mn, and it will be pulled in one direction as long as 
currents maintain their original directions. As soon as 
e or the other of the two currents reverses, the torque o1 
armature is reversed, and it is pulled toward the othe 
e tips. The armature will respond in such a way as to 
ude in its complex motion, components of frequency 
ial to the two applied frequencies, and their sum and 


ference frequencies. 
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SECTION 12 
FILTERS FOR HETERODYNE INSTRUMENTS. 


While most types of heterodyne analyzers make use of 


le same or similar modulator circuits, they differ radieally 
n the design of their filter systems. The simplest type, of 
urse, is the electrical filter network. As pointed out pre 

ously, this is not capable of the sharpness of tuning that 
can be had in mechanical filters, but in the early types of 
inalyzing instruments, extensive use was made of this type 
f selective network. 

Even using the selectivity of an electrical filter, it is bet 
ter to use the heterodyne type of ana 





yzer, for in that case 
the frequency to which the filter is tuned is fixed, and it ean 
e made up of a number of tuned stages in series, thereby 
roviding a much higher value of Q. In the cireuit d 


< 
cribed by Landeen! a section of tuned circuit was followed 


two stages of amplification and two further stages of 
ined circuit. The natura] frequency of the tuned elements 
as 800 cycles. Because of the particular frequency of filter 
chosen, it was extremely important to have a perfectly 
anced modulator, which was of the type ustrated ir 
Bid 
\n electrical tuned cireuit filter is also described by 
schuck.? However, his circuit makes use of a chain of tuned 
cuits with loose coupling hetween successive sections. 


is gives a narrow sharp response curve. The width of th 





a laminated magnetic structure in the air gap of 
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pass band depends upon the stance in « ( 
the amount of coupling. Wit rac ! te t 
able, the maximum resolving powe t ( { 
obtainable with mechanical filte { f cir 
volves also a considerable ! ( 

A good example of the mechanical t filte t 
described by Osbon and Oplinger’ and I 
Here the resonant element is a brass rod ty t 
center and excited so as to vibrate ngit ( 


ural frequency 


length is equ 


node appears 


of this 


and antinodes at either e1 


at its natura 


the othe 


t 


the amplitude « 


+ 


similar to 


loud speaker; 


netic field. 


the output meter to t! 


ible diapht 


halves of 


diaphragm, 


amplitude 








al to twice th engt} f the \ 
at the center (where tne od | 
1 FE Ce d 
1 frequeney, it resonates and a cku 
nd will provide a voltage cl if 
f vibration. The driving and picku 
‘ach other ind to the ad) no ¢ { 
¢ C\ indrica ct Ss ! ng 
The amp fie) output connected tT ( 
re the The cent i l 
agm whi permits a t unbalanes 
t he rod, nic fay t ! " 
mounted l nDhe? t ©) ] 
if motor ~ mited t i rn ii ue 
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20,000 eycles) supported at its mi 





da t be a function of the diameter of the rod, 
1ding narype response. However, for noise 

lue to the lact if extreme constancy of the 
neasured, a system of too sharp a selectivity Is 


The rod used is 0.25” in diameter. In _ the 





the ¢ upling tral fi rime?) tuned to provide 
cl ty The natural frequency of the filter is 
eco! 

ri f mechanical filter is used by Moore and 
the erence that the vibrating Dar 1S a rod 
driven electromagnetically by the mag 
telepl ( ect ( it ne end A sim la 

the end used as a reluctance gvenerato! 

t init implified and applied t il 1! 
" ( t; tly¢ } rnitude { the component lhe 
meal f a fixed-frequency oscillator tuned 
re ft the filter, which 1s alternately applied 
tential attenuator, to the mpliher and output 
t fi rene f this filte 11,000 cycles 
Radio Company s heterodyne type analyzer Type 46-A 


strictive rod type of filter used by Hall® pro 
narrow-band-pass characteristic. This instru 


s capable of separating two frequencies near 20,000 


laced by not more than 100 cycles, and differing 


db. In the design of this instrument, to have 


higher frequency would have provided a bette 
selectivity but would have caused a sacrifice of 
actual resolving power. To have gone to a lower frequency, 


range of the magnetostrictive oscillator, would 


an extreme loss in selectivity 


Che first attempt at building this magnetostriction vibra 


f a nickel tube 12.5 en ong (half wave 
point in a cyl 


drical shield, divided into two parts by a shield partition. 
i | 


the tube contained a coil which fitted loosely 

4 polarizing field was provided by a horse 
laced outside the shield. When an a-c. voltage 
ant frequency was applied to one coil the rod 
] 


uuld vibrate in resonance and a similar voltage would be 


second coll 


lotting the ratio of output to input voltage as a functior 


ybtain the attenuation characteristics of the 
that the resonance curve was not sharp 
ction depends on the material used and some 


nfiguratior Among the various metals that 


7 1ifTe) 


f showing magnetostrictive effects, d nt 


on © | 
ements are found. Thus, Monel metal has a 
only 14 radians per second compared to 20 
second for Nichrome and stainless stee l, and 


ans per second for nickel tubing. Consequent 











































Monel tube '2” in diameter with wall 0.035 
Resonance was much sharper, but 
probably due to extraneous modes of vibration. 
found to be so, and by using solid rod of the sam« 


transverse vibrations were almost entirely removed, a 


Monel vary in magnetostrictive properties, 


to be chose} by test The resonance 


and symmetrical, being less than 100 cycles wide at 
The heat treatment of the material 


field strength are important in determining 


of resonance and the sharpness o 





Fig. 24a. General Radio Company's crystal 
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ongitudinal vibration resulted. Commercial sam 








nt coil construction takes the form of long thin coils 
clearing the bar and as close to the center of the rod 
ssible. A magnetic shield between the two coils is nec 
y to prevent direct coupling. 
order to get increased selectivity in the actual instru 
t, two stages of this construction were provided, coupled 
single stage of vacuum-tube amplification. 
ther type of mechanical filter is the piezoelectric oscil 
Instruments employing this element are described by 
tner,” by Arguimbau‘ and by others. Within the past 
vears considerable improvement has been made in this 
nent due to extensive experimentation, and as the result 
eld experience with early instruments employing crystal 
rs. At the time that the first models were built, it was 
that crystals had satisfactory frequency and damp 
characteristics, but the effects on these factors of 
ges in operating conditions were more or less unknow1 
en only a single crystal is used, slight changes in the 
racteristics due to change in humidity and age are of 
e consequence, but with two or more crystals operating 
vether there must be no differential change in characte 
es. Any drift in frequency of one unit with respect t 
other would be quite serious. 
Since, for the extremely selective units used today, sev 
il stages of crystal filter are needed, it is necessary to 
sign them to minimize the effects of aging. To do this, 
e crystals are ground to have the same frequency, but one 
them is made to have a considerably higher damping 
the other. This combination results in an overall char 
cteristie which is little affected by a change in frequency 
ne or the other crystal of a fraction of a cycle, or a 
nge in damping of either one. 
As a preliminary step in the design of the filter unit, a1 
xtensive program of investigation was carried on to dete 
ne the action of the crystals in connection with different 
terminating impedances. From these results,” the equivalent 
reuit of the crystal unit was determined, from which an 
ptimum arrangement was finally reached. In this. the 
imping factors and frequencies of the crystals are individ 
ially adjusted by trimmer capacitors and resistors, and 
combined in a way to provide a narrow-band-pass charac 
teristic. 
The instrument described by Arguimbau‘' and manufac 
red by the General Radio Company is illustrated in Fig. 
The crystal unit is shown in Fig. 24a, and the equiva 
ent electrical circuit of this element in Fig. 24b. The filte: 
init is made up of three electrode quartz crystal filter 
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:) 


in Fig. 23 


ements. The quartz bars are plated with copper and gold 

provide electrodes, and are mounted on felt in a cast 
iluminum frame which serves as a support, and also pro 
ides acoustic baffles at the ends to prevent damping. The 
iluminum castings are mounted in sponge rubber within a 
sealed cast aluminum housing. Experience has shown that 
umidity is the most important factor affecting crystal 
tability. Vibration tests have shown the mountings to be 
ess critical than previously believed. Consequently, the 


‘rystals when hermetically sealed in their mountings car 


e regarded as fixed elements. 

The response curves of the filter are shown in Figs. 24¢ 
nd 24d. These compare the newer band pass, or square top 
aracteristic, with the older pointed charactertistic. The 


becomes unnecessary to tune the oscillator for an exact 
aximum. The response is flat over a band of about fou 
vcles so that when the dial is adjusted for an approximate 
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tant. 


maximum, the deflection is close to that ¢ esponding 
true peak. This also makes it unnecessary to be cont 
adjusting the tuning controls. In the measurement 
harmonic amplitudes of voltages which are not of a } 
constant frequency, this feature is particular n 
Most sources of noise are generally rotating eme 
which are seldom driven at exactly ce tant pee An 
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MPONENT OF GQ” UNDER ANALYSIS 2 
variation in speed will then show up as a change t 
the noise derived from it, or a chang n frequenc\ 
electrical output of the sound level meter. As an exan 
ple, an airplane engine in flight is likely to vary in spe 
by as much as +0.5%. Any component of frequency of 1] 
cycles derived from this source will covcr a band one « 
and so can be measured with perfect stability | t 
zer. Higher frequencies cover a corresponding 
range, and may, if the range is too large, cause an unt 
ng on the analyzer. However, the uppe t of f 
quency (for the case under consideration) f hich 1 
re of i tior Ss within the band pa I tne nst 
mue nig ne than that f the 1¢ nstrume 
width of band pass used in tl nstrument f 
be a satisfactory compromise between the need f 
ease of tuning, and the need for high selectivit The 
complete schematic circuit of the analyze he nin | 
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is desirable 


output 
terminal 


to avoid the transformer, it 
three network as that 
ib. This circuit is balanced for a frequency given by: 


ea such shown it 


f 
7 Rs ¢ 
for C Ce Cz/2 and R R, 2R 
his circuit the elements are of high impedance, and 
" small size. The three resistors are ganged so 


re of 
] 


1O 


e knob varies the frequency of balance, and so 
amplifie. 
ided. This type of circuit provides a selectivity whicl 


¢ 


ntage of 


the frequency for which a high gain of the 


constant pere the frequency to which it is 


instead of being a 


constant width in cycles 


feedback type frequency analyzer is 
28. Shown also is the functional circuit diag? 
al type of this 


as designed particularly for analyzing machinery 


circuit used in sound analyze) 


rm WwW 


] 
es, or noises caused electrical or mechanic: 


mainly by 





















































AMPLIFIER 


Company's teedback type 
and its tunctional 
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General Radio analyzer 


diagram 


juipment. The selectivity curve widens as th 


frequency 


increased, and so the instrument is useful for analyzing 


ises Of machines which do not run at absolutely constant 


peed. It has been used successfully in analyzing the 


sounds 
automobile and airplane motors. 
that Theodo 


on the 


Another type of analyzer® is 
mn. Although heterodyne principle 
es not make use of a tuned circuit element. The prin 
ple of this mn described 
heating 


described by 


operating 


struinent may be follows: The 


effect ir resistunce, of a number of alte 
ne currents of given magnitude, is different, depend 


fre 
fre 


the same or oft different 


of 


whether 


Fon 


upon the Vv are ot 


iencies. instance, if two currents, different 


neles but of the same r.m.s. value J, flow through a r 
tance R, the total heating is the sum of the heating duc 
each current alene. being equal to 2R/*. If these equa 
rvents are of the same frequency they will add to give 


urrent of value from zero to 2/ depending upon 
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plate current of the tube increased 
approximate magnitude of the unknown components ¢ 
be inferred from th rise d the f 
quency at whic occurred 
Barrow nas proposed not he } rd 
con plex Wave pian Py TI eterod | 
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tonically varied, and the several component f the uw 
wave. The um of the unknow cur ‘ 
current, whicl eontinuou ried in f 1 
out the audio-frequency press 




























p rf rap The rate of pa ve of the fil 
isaradl ae, P re Fresh d Whe 

| in? rnd I compo ot ne 1 I own cul 

( frequ ( miple tevral tio 
! | ] 1¢ ed oO ne I } tne ctual cont u 
stir dependi: 1} he frequen o. The figure 
orre ] r ! oO re the pie { iC i 
! diffe: fo. me ratio, depend ipo 

yt ) mmpone ) na ne um De 
p he rea he comple of 
ire ! ‘ t ] ) ( ! it tne? little 

ficu ( e fi ( d deten ! fror 

e frequet ! oO The 1 idvantage of tl 
Th ( ‘ \ ! \ cl ({ pone CLOSE Lo 
gether in frequer one cycle per second can_ be pa 
ed and recognized. The disadvantage lies in the fact tha 
nitud rf ( riou ompor t prox 

‘ ndicatea 

The analysis of a complex sound by a single band pass 
filter requires a considerable time when sharp discrimina 
tion desired, Analyzers with multiple resonators are cum 
bersome and do not cover a continuous frequency band 
Mever proposed a new method based on the dispersing 
properties of a diffraction grating analogous to those used 


n opties, and equivalent to an infinite number of resonators 
There are a number of practical difficulties in such a 
procedure, particularly with regard to the size of the appa 
ratus. Since the grating dimension must be of the order of 
magnitude of the wave-length, and since resolution depends 
ipon the number of bars in the grating, a grating of incon 
eniently large size would be required for the analysis of 
ound throughout the entire audio-frequency range. To 
bviate this difficulty, Meyer has shifted the audio-frequency 
ectrum into a higher range by using it to modulate a 
carrier wave. In this range of frequency (40,000 cycles pe 
second) the wave-length is small and the apparatus can be 
constructed of reasonable size. The grating is actually 
meters long. The sound source or loudspeaker is of the rib 
bon type with the width of the ribbon small compared to 
the wave length, equivalent to a line source, so that a cylin 
lrical wave is emitted 
his wave is diffracted by a circular grating composed of 
i eries of tee! 


ind parallel to the axis of the sound source, with the loud 


rods equally spaced along an are of a circle 


peaker at the center. The detector is a small microphons 
ensitive in the range of the carrie frequency, which Is con 
nected to an amplifier and rectifier type of indicating in 
trument. The entire diffraction spectrum is covered by 
moving the microphone through a small are. The output 
meter indicates the magnitude of the various components, 
ind the position of the microphone their frequencies 

lhe main difficulty with this apparatus is the large num 
ber of bars required, and the accuracy with which they must 
be spaced from one another. The frequency discriminatior 
equals that of a 125-cycle band selector. A distinct advan 
tage of the instrument is the great speed of operation. Th: 
theoretical speed of analysis approaches 0.01 second for a 
complete coverage of the frequency range, and thus makes 
possible moving pictures of a continuously-changing sound 
spectrum 

Another instrument designed for rapid analysis of a con 
plex sound is that described by Schuck.” This analyzer is de 
signed primarily for rapid visual observation or recording 
f changing sounds. There is need for such a device, that 
vill analyze a sound instantaneously and show the analysis 
mmediately, so that a sound can be heard and its analysis 
seen at the same time. It permits immediately seeing the 
| 


effects of changes and adjustments made at the source of 


the sound, or the effects of changes of reflecting or absorb 
] 


ng surfaces. It is useful also to the musician, to enabl 
him to see the results of variations in technique 

Che analyzer is a heterodyne type of instrument in whicl 
the carrier frequency is varied by automatic means, and is 
swept rapidly through the desired range of frequency a num 
ber of times per second. It is unique in showing visually the 
complete frequency spectrum of the sound being analyzed 
at the instant the sound is being produced. A light beam is 
moved in a vertical direction in accordance with the ampli 





output of the sound meter amplifier. The circuit 1s qu 
simple, consisting of a vacuum tube, with a-c. voltage 
















































tude of response of the analyzer, and is moved in thx 
zontal direction in accordance with the instantans 
quency of the carrier. The frequeney spectrum is thu 
airectly on a screen. 

4 balanced modulator is used to suppress the « 


rhe selector is a tuned electrical network with seve) i 


f variable damping in each circuit, and variable « 
between circuits. (See Fig. 29.) The horizontal mot 


the light point is obtained by means of a mirror in t} 


f the light controlled by the position of the tur ne 
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denser. The instrument is designed for a complete scan 





or operation throughout the whole audio-frequency rar 
ten times per second. Persistence of vision permits the | 
of the spot to be seen as a steady line of light, which chang: 
in character only when the sound changes, and which f 
lows all variations in the composition of the sound. Bec 
of the great speed of operation, the use of a logaritl 
amplifier, controlled as it is by a rectifier and filter, 
of the question. So a linear scale of intensity is record 
a function of frequency. Some attempt has been mad 
obtain the logarithmic scale of the output current 
simpler more direct way which will permit faster scan: 
although no suitable method is available at present. 1 
is another difficulty in the operation of this instrument 
its rapid change in frequency: the transient actio1 
resonant element when used as a detector and supplied 
a current of rapidly-changing frequency is not fully kn 
» obtain false indicat 


and consequently it 1s possible t 


the proper range of scanning frequency is exceeded 
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SECTION 14 
MISCELLANEOUS NOISE INSTRUMENTS 


Integrating Noise Meter. 


One step removed from the indicating type of noise met 
is the integrating noise meter proposed by Haynes.' In t 


instrument, in place of the customary indicator, he has } 


n 
vided a watthour meter which will indicate the integrat 


} 














the plate, and the current element of the waithou 
n this circuit. The potential element of the meter 

m the same constant-voltage a-c. 
ound meter amplifier is applied to the grid of the am 
tube. Although the torque acts only on alternate halt 
due to rectification in the tube, the output is propo 


source. The output 


to the time integral of the voltage applied to the grid, 


1us to the time integral of the sound level at the 


nhone ° 
ible Reverberation Meter. 


ther type of acoustical instrument closely related 1 


und level meter is the reverberation mete aeseribe 

bine.” By definition, the reverberation time of a roon 
e time in seconds for a sound set up in the room t: 

naturally by 60 db. In this instrument the noise m« 

used to indieate a change in noise level of a fixed, 

eh unknown, amount. The time for this change is re 


led and, by means of an attenuator, this interval is 
nged by a known amount. The difference in decay time 
difference in total decay serve to indicate the slope of 
lecay curve, and so the reverberation time. 

1e instrument consists essentially of an ordinary sound 
meter with a logarithmic attenuator which can be con 
ted to a reverberation meter. The output of the sound 
plifier is apphed to a stage of amplification and recti 
tion, Which is applied as a bias in the grid cireuit of a 
ratron tube. The latter controls a relay that switches 
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© flectric clock 





electric clock into the circuit and so counts the time that 
ie thyratron is excited. A loudspeaker is used to provide 
fixed though unknown initial sound level in the room. 
When the loudspeaker is turned off, this thyratron circuit 

switched into operation. When the sound level drops to 
value too low to keep the thyratron conducting, the relay 
irops out and the clock stops. This time is a measure of the 
nterval between the original level of sound, and a final un 
iown level (corresponding to the least exciting grid voltage 
the thyratron). If the attenuator on the sound meter is 
en changed by a given amount, and the operation repeated, 
e clock is shut off earlier or later by a time corresponding 
the decay over the fixed number of decibels. When this 
ocess is repeated several times, the 


tr 


measured intervals 

itted against the various settings of the attenuator. and 
resulting curve extrapolated to cover a range of 60 db, 

e time interval corresponding to that change in intensity 

the reverberation time for that room. 

The cireuit of this instrument is shown in Fig. 30. The 

Is applied to the plate of the FG17 thyratron tube which 
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SECTION 15 oo? 
Sh 
APPLICATIONS OF NOISE MEASURING = 
ow 
INSTRUMENTS We | 
ar 
ipplication of nolse measuring Instruments to the *& 
" . Ss 
fi e problet the important fact will be recog PS 
' , v2 FT 
iin t « ry noise problem Is different from the cf 
here one type of instrument is useful, anoth« ot 
ntire it of place. Different problems will call S ; 
ent types of instruments, or at least, different 
the same instrument. Thus, the total sound mete? 
! e application in simple sound measurements, 
tud of t} ee S | ) ! s of oms: T } } 
idy of the acoustical properties of rooms: TI and reproduces 
1i4Tey ] of « ' ahsorhine iaterial ; 
lifferent placement of und al bing material, in level b 
f 1} , alec ) ' c of s~hang 
different materials, and the result Ta cnange the ordinates 
ent of sound sources, are immediately detected by the level of 





f the total sound meter. But in the study of ma equal press 
se, the problem of change of design 01 peratior tata’ dl 
to reduce the noise from a machine involves the 
equen¢ analyzers. If the sound has components 
pure nes reasonably constant in pitch, the ana 
xtremely useful. However, most machines produce 
that is mainly unpitched sound, and this may form ¥ 
. ‘ 5 6} 
prominent or objectionable part of the noise. In ™ 
‘ase, some sort of band analyzer, or special fre < 
cy weighting, is more useful. This likewise happens if =. 
of the machine producing the noise varies, for « 
frequencies of the components change, and a sharp a 4 
frequency analyzer is likely to be of little use a 
cal measurements are most valuable when the Bs 
elated with other knowledge of the machine unde @ 
inges in design involving different parts, or dif 
ethod if connection, or measurements of the nl . 
| n, peculiarities in the methods of manufac c 
ill useful in explaining the change in. noise o 
characte f the machine And the icoustical 
must wo ClOSE vith others concerned th the 
( ta 1¢ rl 1 tl machine l er T pe pett 





tween two components 


example, two soul 














e) 


test a machine for the amount of noise it produces 
ind-proof room, and any machines that are small 
to be portable are generally so tested. Fig. 35 shows 
i| sound-proof booth for testing small motors. h 
naking large machines, however, a sound-proof room 
unavailable or impractical, and it is necessary t 
und measurements under existing’ noise conditions 
mes this situation can be handled by the use of a 
n pickup. If a microphone is used it is advisable to 
the level of extraneous noise to as low a value as 
e and to make separate measurements of the back 
d noise alone and of the total noise of background 
nachine noise. Then by means of the chart (Fig. 52) 
fference of the two is entered and the correction read 
ue to the steepness of the curve in the region of small 
fferences between background and total noise level, 
lerable error can be made in the value of the machine 
and this method becomes impractical when the ma 
noise is small compared to the background. 
general, the benefits from the reduction of component 
es that are more or less equal in intensity, are not to 
id by the entire elimination of any one component (fo 
in be seen from Fig. 31 a component 10 db lower than 
ther can only contribute 0.4 db to the total), but by the 
ial reduction of all contributing factors. This is dis 
ed by Zand’ for the case of the noise reduction of an 
es. In the airplane which is discussed there are a num 
f important contributing factors, such as the propellet 
ch supplies a noise level of 108 db, the exhaust with a 
se level alone of 104 db, the engine and gear noise of 90 
the aerodynamic noises of 88 db, the air-borne noises 
85 db, and the ventilating noises of 95 db. The actual 
noise level is only slightly more than the largest com 
nt, or 109.9 db. Reducing the exhaust noise entirely 
only drop this total noise level down to 108.7 db. How 
, by careful consideration of all possible causes of noise, 
improvement in design, each contributing source of 
se can be reduced several db, and the total noise level 
be reduced to 95 db. This is still an extremely high valu 
rise level, but it represents a reduction in noise energy 


97.5°° from the original condition. 
REFERENCES 
1. Abbott. The Place of Sound Me Irement n Auto ti 
Reduction, S,A./ Journal, Vol 1934, page (1-287 
ion, pages 336-343 
| Io. Packard. Background Noise Correction in the Me ure 
f Machine Noist General Radio I pe t er, Vol 1 
L987, pages 6-7. (also published in Communications, Vol. 18 
page 4 


I. Zand. Acousti ind the Airplane. S.A.BF. Journal, Vol. 34 
Transactions, pages 11-51 


SECTION 16 
INTERFERENCE PATTERNS. 
In making noise measurements in any other than a sound 
oof room, more or less difficulty is experienced from 
ave patterns. If the machine is large enough so that sev 
al parts or surfaces displaced a distance comparable with 


the wave-length are vibrating at the same frequency, 01 


¢ 


there is a considerable area of highly-reflecting surface 
earby, then the sound field set up by the machine will not 


be uniform. There will be points of maximum and minimum 


ntensity spaced throughout the volume, which must. be 


taken into account if the noise due to that particular ma 


ine is to be measured properly. 
In cases where the sound set up has a distinct interfe) 
nee pattern, the sound level meter may show a difference 
10 to 20 db in its reading when its position is changed 
nly a few inches. If the machine speed is constant, read 
ngs at any one point are reasonably constant although 
ferent from those at other points nearby. This is due to 
e phenomenon of interference. Physically it amounts to 
condition that at a given point, two wave trains of the 
ime frequency may be passing. If these are in the same 
hase, that is, if the sound pressure reaches a maximum at 
e same time, the actual maximum sound pressure at that 
nt will be a function of the sum of the two maximum 
essures of the individual trains. The pressure level at that 
nt will be higher when both wave trains are passing 
in when either one is passing alone. If the two wav 




















Highest Standard 2 yas |} of Quality 
Since (JE MGess = 1910 
| be ‘ce 





ELECTRO- 
DYNAMOMETER 
WATTMETERS 


Single and Polyphase—Eight 
different styles and sizes— 


Send for catalog 22. 


POLYPHASE WATTS 
Lime 150 





The Hickok Electrical Instrument Co. 


10514 DUPONT CLEVELAND, OHIO 











EPPLEY 
THERMOPILES 





VWanufactu 

Labora / Di 

l e Use s ( ( ( 
is { f 


Adequate man ifacturing equipment 
of our skilled and experienced technicial ire 


satisfaction to the users of | ppley tnermopitle 
Write for a copy of our Bulletin EF vhich de 
cribes these instruments in detail. 


EPLAB | 
THE EPPLEY LABORATORY, INC, 


NEWPORT, R.1 




















( A new general purpose 


RCA 


 OSCILLOGRAPH 


for all laboratory and 
production uses! 











5’’ CATHODE RAY TUBE! Insures easy, accu- 


rate reading 


VERY LOW SWEEP RANGE! You can use this 


scillograph at sweep frequencies as low as 


those used in engine pressure measurements. 


VERY WIDE AMPLIFIER RANGES! Making 


this instrument suitable tor wide variety of uses. 

















REQUIRED QUALITY! Chis is vour assurance 
ot satistactory pertormance. Betore being re- 
leased tor general use this instrument had to 
pass the quality tests required tor our own 


laboratories. 
SPLENDID VALUE! Wich all of the above fea- 


tures, this Oscillograph, Stock No 130°° 
LG0, is available at the price of only NET 


SPECIFICATIONS 
Deflection Sens. at Vert. Amp. input (gain 
max O13 V.RMS perinch Deflection Sens. 


Horiz. Amp.: 0.56 V. KMS perinch... Inputat 
Vert. Amp. Input: $00,000 ohms, 15 mmf 
Input Horiz. Amp.: 500,000 ohms, 15 mmf 
Freq. characteristic Vert. Amp. | gain max): 3 
Freq. charac- 


100 KC essen- 


cycles—50 KC essentially flat 
teristic Horiz Amp.: 5 cycles 
tially flat Max. signal input to Vert. Amp.: 
$00 volts RMS Max. signal input to Horiz. 


Amp.: 500 volts RMS. 


Over 335 million RCA radto tubes 





have been purchased y radio 
user in tubes, asin Parts and 
lest Fautpment, tt pay 0 

























A Complete 
INSTRUMENT 


CHECKING SERVICE 


® Both time and use tend to make 
most measuring instruments inaccu- 


rate. 


As an aid in keeping instruments 
accurate, Electrical Testing Labora- 
checking 
from the checking of 
standard and portable instruments at 
the Laboratories, to the furnishing of 
skilled men to check and adjust those 


tories offers a complete 


service 


that are permanently installed. 
Our “standards” are maintained 


constant agreement with those of the 


Bureau of Standards. 


Electrical Testing 
Laboratories 4) 


East End Ave.and 79th St. NewYork,N.Y 

















32 Radi Noise and Field 
Strength Meter 


A Universal Direct Reading Micro- 
voltmeter for Measuring all Types 
of Radio Noise and Carrier Fields. 


Coverage 150-350 and 5$50-20,000 kilocycles 
direct reading logarithmic s m out 
put meter built calibrating generator 


Send f sulletin I ? con fe deltas 


irculars « Signal Generators are available 


FERRIS INSTRUMENT CORP. 


BOONTON, NEW JERSEY 






































.. » WHEREVER 
THE OPERATION OF ELECTRICAL 
EQUIPMENT IS AFFECTED BY LINE 
VOLTAGE VARIATIONS this new 
SOLA CONSTANT VOLTAGE 
TRANSFORMER Offers a practi- 


cal solution to the problem 


Automatic and instantanecus voita; 
regulation. No moving parts, nothing 1 
adjust or lubricate. 


Low harmonic content in output volt 
wave. 


High power factor, high over-all efficie: 


Regulation at any load up to full rat 
value. 


No strong magnetic-leakage fields 
Unlimited flexibility of design. 

Can be operated in parallel, or cascad 
for extremely precise regulation. 


Write for BULLETIN SM-22 


7 


TRANS! ORMERS 















SOLA ELECTRIC COMPANY 
2525 Clybourn Avenue 
Chicago, Illinois 



































Constant WOE 
TRANSFORMERS 


AIR COOLED INDUSTRIAL TRANSFORMERS—INSULATED and AUTO TYP 
LOW VOLTAGE SIGNAL and CONTROL TRANSFORMERS 
FLUORESCENT LAMP REACTORS MERCURY VAPOR LAMP TRANSFORM 
LUMINOUS TUBE TRANSFORMERS OlL BURNER IGNITION TRANSFORMERS: 
FILAMENT and HIGH VOLTAGE X-RAY TRANSFORMERS 
HIGH VOLTAGE BOMBARDING TRANSFORMERS j 
DC-CONTROLLED REACTORS DOOR-BELL and CHIME TRANSFORMERS 























arrive at that point in opposite phase, one wave will 
to cause an increase in pressure at the same instant 
he other tends to reduce the pressure. The actual 
pressure will then be less than that of the wave of 
sound level, and much less than the peak pressure 
er points in the field. Thus the actual sound pressure 
it any point in the sound field depends upon the num 
nd relative phase, of the wave trains passine that 


e wave pattern around a given machine under given 
itions is surprisingly constant as long as the conditions 
maintained; but the patterns are easily changed. A 
change of speed changes the pitch and thus the wave 
th, and the pattern is entirely shifted. The average 
1 pressure over a region may not be changed, but the 
il] 

nge. If the reflected waves from adjacent walls and ob 
ts are the primary cause of the wave pattern, a shift 


lings of the sound pressure at particular points w 


osition of the source or of any of the reflecting surfaces 
hich may be some person or object in the neighborhood 
the machine) will cause a change in the interference 
ttern. Even machines which may be mechanically identi 
will not show the same vibration pattern, and will show 
lifferent interference pattern, when placed in an identical 
sition with respect to reflecting surfaces. Consequently, 
en in the ease of identical machines it is impossible to 
epend upon a single reading of sound pressure level at a 
ven point with respect to the machine, as a measure of 
the noise level due to that machine. It is necessary in all 
ses to take sufficient readings at different points and 
erage them, to obtain a representative value of the sound 
essure level for the machine. 
If it is desired to determine which of the parts of the 
nachine is causing a particular noise, it is necessary to 
ve a noise analyzing instrument. With the machine speed 
held constant (for which purpose a stroboscope is useful) 
the frequency spectrum of the noise is taken. This is com 
pared with the vibration spectrum determined by means of 
i vibration pickup placed in turn, on all the vibrating parts 


f the machine. Since the sound wave must be set up by a 

brating surface, it is possible to pick out one or more 
surfaces or portions of surfaces which are possible radiat 
ng surfaces for that wave. However, it does not necessarily 
follow that these surfaces are the cause of the noise. Vibra 
tions may be set up in remote parts of the machine and be 
transmitted to the radiating surfaces. It is necessary to 
have fairly large surfaces and large amplitudes, in orde) 
to radiate an appreciable amount of energy. Large flat 
surfaces of the machine could readily act as radiating sun 
faces if excited at their natural frequency, for at resonance 
their amplitudes of vibration are highest. In many cases 
excellent agreement has been had between the frequency 
analysis of the noise from a given machine, and markings 
which were found on gear teeth for example, when the ma 
chine was dismantled for inspection.' Spots showing abnor 
mal tooth contacts were found spaced around the periphery 
f the pinions in groups which corresponded exactly to the 
frequencies of the observed notes. 

In cases where there is a definite wave pattern about che 
machine it is futile to try to obtain comparative noise rat 
ngs at a single point, unless means are taken to remove 
the interfering waves, or to average out their effects. There 
ire three common methods available for taking care of 

is: (1) To take sufficient readings around the machine, 

that by averaging them a satisfactory sound rating of 


the machine is had. (2) To use an acoustically treated room 


n which the walls are highly absorbent, so that only direct 
und is measured by the microphone. If there are a num 
er of radiating surfaces, or if the machine is large, there 
ay still be an interference pattern. (3) To use a sound 
amber with highly reflecting walls, and to provide a 
ries of rotating paddles of steel or other highly reflecting 
aterial. The constant change in the geometry of the re 
eting surfaces prevents the formatidn of any fixed wave 
ittern. If the microphone is rotated with the paddles, and 
the indicating meter has a long enough period, it will 


average the sound pressure level throughout the room and 
give a useful rating of the machine. Sometimes just rotat 
ing the microphone throughout a considerable portiot 
the space will serve the same purpose. This is really phy 
ical averaging of the individual pressure levels at the larg: 
number of points on the path of the microphone, compare 
to mathematical averaging of the readings taken at a 


ber of discrete points 
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SECTION 1 


METHODS OF QUIETING MACHINES 


In any program set up to reduce the noise of a machine 
the first step is to determine the relative importance of the 


Various components of the noise and the reductlol nm Une 


total which may be had by maximum reductior n these 
components. This will indicate that some components, whil 
of considerable magnitude, contribute only slightly t he 
total. Concentrating on those which supply a large part of 
the total sound energy and are most susceptible to reduc 


tion, efforts should then be made to reduce the several eon 
ponent noises. The ways in which reduction in radiated 


noise energy may be accomplished may be listed as foll 


1. Mismatching of vibrational impedance, 
2. Reduction of radiation resistance, 
3. Enclosure, 
1. Acoustical absorption, 
>. Use of mechanical damping resistance, 
6. Greater accuracy of parts, 
Shifting of frequencies to other ranges 
Mismateching of Vibrational Impedanee It is possible 
to have filters in mechanical systems just as in acoustical 
or electrical systems. These are generally not known by tl 
name, but are called isolators, or balancers, or ar 
such name which indicates a particular action. However, 
iny filter is constructed of a network of oscillatory elements 
which are tuned to definite frequencies. Thus, in electrica 


systems, a series resonant element acts as a low impedance 


path for vibrations of the frequency to which it is tuned 
Similarly, parallel resonant elements provide a high in 
pedance for frequencies to which they are tuned. By inelud 
ing elements of this type in the mechanical system it is } 
sible to change the vibrational impedance of the system so 
as to cause obvious mismatching, and so isolate certain fre 


quencies within the system 

Experience indicates that this is one of the most genet 
ally applicable means of effective and economical quieting 
of machinery. It can often be brought about by only minor 
changes in design. Among numerous examples of applica 
tions of this principle is the harmonic balancer for engine 
crankshafts.' This generally consists of a pivoted mass r¢ 
strained by torsion in a spring, and provided with some 
sort of mechanical damping. This element, in effeet, pro 
vides a mechanical short-circuit on the vibromotive force 
generated in the crankshaft. Vibrations of the proper range 
of frequency are absorbed in the oscillatory element and 


there dissipated as heat in the resistance, and are thus pre 
vented from being transmitted to other parts of the systen 
Numerous designs of rubber and spring motor supports art 
in common use.” These make use of an oscillatory system of 
low frequency which effectively isolates the machine from 
the base. The automobile exhaust muffler is another exan 
ple in which a low-pass acoustical filte) provided, whiel 
offers no impedance to low frequencies (and permit he 
free passage of exhaust gases) but provide paral ‘ 
nant chambers i) vhich the higher frequency i 
trapped and their energy dissipated 

2. Reduction of Radiation Re tance tadiat 
ance is the term which indicates the abilit f ne 
system to convert mechanical vibrations into a¢ t 
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SECTION 18 
CONCLUSION 


if these acoustical instruments are convenient tools 
e recognition and measurement of sound waves. How 
they must be used with a complete knowledge of their 
ground, and of the problems in hand. While their uss 
ectrical measurements is simple and precise, this is not 
case 1n acoustics where there are so many disturbing 
rs. It requires an understanding of the basie theory 
icoustics to recognize exactly what it is to which the 
truments are responding. The difficulty of controlling 
nd waves, the results of refraction and diffraction, and 
cularly the apparent inconsistencies that are the result 
nterference, are disturbing. 
"here is even some question as to whether instrumental 
idings are of any value at all. Since instruments cannot 
rely duplicate the ear in loudness measurements, and 
nce in all noise problems the ear is the final judge, the 
stion 1s often asked: Why use instruments at all?! How 
er, in spite of this attitude on the part of some workers, 
ich has been accomplished and reported in the technical 
ess on the use of these instruments in the study of par 
cular noise problems. These results serve to illustrate the 
rree of ingenuity required for the use of noise measut 
Instruments. 
Sound measuring instruments have been used for an ex 
emely wide range of problems, from the detection of ait 
ines and submarines in time of war to the measurement 
the altitude of airplanes” or the depth of the sea,* to the 
easurement of the noise from machines,! electrical equip 


ent,’ fans," automobiles,’ and airplanes,~ to productior 
blems,” to the study of musical instruments and con 
nication equipment,'" and to a large number of simila 
blems. The technique developed as a result should he a 
venient starting point for any further investigations t 


made in the field of noise measurement 














nvenience 1 its value has long been demonstrated In 
telephone work. Consequently its adoption in sound work 
as quite natural. And in this work it has several addi 
! ivantages 
lhe ear has such an enormous range of sensitivity 
that to express it in terms of the energy or pressure would 
equire numbe} of a size inconvenient to handle The 
irithmic unit is much more convenient for this purpose 
2. The action of the ear is approximately logarithmic 
lr ther rds, doubling the energy of a sound does not 
nerease the 1dness in the same ratio, but more nearly as 
tne logarithm of that rat Consequently, expressing the 
nerg ( the intensity 1 yarithm units provides at 
? T = 4 ‘ f 1ness 
Data taken b ( i se r different units car 
e converted for comparison more readily when expressed 
garithmic units than when expressed in ordinary units 
compensate I the difference in reference level requires 
niy the iddition of a fixed number representing the decibel 
erence het een the t reference levels 
In the decibel scale the answer is always given in terms 
f the difference in decibels, never the ratio. o1 percentage 
inge. Thi S an unusual concept for one not familiar 
th the tem, but its advantage is easily demonstrated 


It f ows from the definition of the decibel that one decibel 


Simply epresents a pressure ratio equal t the 20th root of 


10, or a ratio of 1.12. In other words, two sounds differing 
by 1 db have their pressures in the ratio of 1.12 to 1. Simi 
larly, two sounds differing by ?0 db have their pressures in 
the rat f the 20th power of 1.12, or 10 to 1. If two sounds 
of equal pressure level are added, it means that the sound 
energy . loubled, and the number of decibels chang IS 


given by 10 times the logarithm of 2, which is 3 db. Thus 
the sum 1s always greater by 3 db than the original level, 
no matter what the original level. This procedure Is €quiva 
lent to adding sound pressures according to the square root 
of the sums of the squares, and makes the energy of the 
sum equal to the sum of the energies of the components. 

While the decibel has been in common use in this country 
for several years as a unit of intensity level and loudness 
level, some European observers have made considerable use 
f the phon as a unit of loudness level. Realizing the value 
f two separate units for the actual energy and the subjec 
tive response, the International Conference on Acoustics 
held in Europe in 1938 agreed that the unit to be used for 
ntensity level measurements shall be the decibel, but the 
unit to be used for the equivalent loudness level measure 
ments shall be the phon 

Loudness measurements are to be made by listening to thi 
reference sound and the sound to be measured alternately 
with both ears, while the intensity of the reference sound is 
regulated until an ordinary observer considers that it has 
the same loudness as the measured sound. Whenever possi 
ble, the reference sound and the one to be measured should 
be listened to for practically the same length of time. This 
period should never be shorter than one second when listen 
ing to the reference sound. When, under these conditions, 
the intensity level, or the pressure level, of the reference 
sound is “n” decibels above the reference zero, it 1s said 
that the sound measured has a loudness level of ‘tn’? phons 


APPENDIX I] 
TEST CODE FOR APPARATUS NOISI 
MEASUREMENTS 
The subcommittee n Sound of the A.LE.E. Standards 
Committee has prepared a test code} for noise measure 
ments, published in March 1939. Indicated purposes: (1) For 
use as a guide in the measurement of sound levels and the 
vestigation of various elements contributing to the total 


nome prod iced. (2) To aid in settling questions that arise 
ifter equipment is installed as to the true causes of the 
observed sound level, and the best way to reduce it In such 
cases it often is desirable to design apparatus for a given 
installation to meet a specified sound level. This requires 


knowledge of the sound produced by the apparatus and of 
the effects o the sound level of reflections and absorption 


due to the ambient conditions. (8) To establish reasonably 


iniform methods of conducting and reporting such sound 
evel tests, that wherever or by whomever tests are made, 
or. E t No M ! nts ? t Int national Cor 
\ t ] s Re \ ¢ ) 
I t ¢ \ N M I Inst 
, \ Ps \.1 | 1) 


the results will be f value for 
comparable with tests made at ot 
This code discusses briefiv (1) 
Apparatus Noise Measurement, 
(3) Room Effects, (4) Ambient 
strument Standards, and sets u 
(1) Factory Tests, (2 
ositions, and (3) Field Investig: 
F ° + 


In factory noise investigat 


made under such conditions that 


Ons, 


record and w 
her times and pla 
General Considerat 
(2) Radiation of 
Sound Levels, and { 


p spe ‘fic instruct 


) Standard Factory Measur 


itions. 
measurements s! 


the increase in the 


ured sound level produced by reflections from surr 
irfaces is small. Microphone should be placed in a p 


magnetic fields, or other exterr 
é s. If possible, the 


JS 


, ; 
cation should be at least 6 


r more, lower than the sound I 


In general, this requires a spe 
sound-absorbing material placed 
ceiling. Corrections for ambient 


Where possible, to insure meas 
only, resilient means should be i 
vice being measured and its sup} 

Measurements should be mad 
the apparatus to obtain a close ap 


sound level produced by the appa 


ditions. To obtain an average sound level figure 


ambient sound 


ree from disturbing air currents, vibrations, elect? 


ial influences wh 





db, and preferably 


vel due to the appa 


ai Nnole box or roo} 


#} 
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tne r, Wa 


levels In factory te 


generally permissible due to frequent erratic var 


irements of air-borne 
nterposed between t 
ort. 

al several lOcatlo 
proximation to the a 


ratus under free field 


group of sound level readings taken around a machine 


t 


average shall be obtained by the energy average met 


The energy average is defined as 


the 





order of 12 db or less, 


10 logy1o6 ot aver 


garithms of 1/10 of the separate db valu 


he readings to be aver 


the arithmetic averag* 
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6 WATTS AUDIO POWER 


dials (0-420, 0-15000 ™ ) with three- 
ion range switch permits zero setting 
out running either dial back to zero, 
100 & reference-level check on one dial 
e doing compensations on the other. 
1ier control and decoupled oscillators 
mit extremely accurate zero setting, 
| further precision is had by heterodyn- 
the line with self-contained “eye.” 





\fter warm-up, drift is less than 5@ in 
{ hours under normal room conditions. 
\t 200 mw. harmonic content is 1% —- 
t all frequencies from 30% up. At full 
tput (6 watts) it is less than 3% above 
100% and 6.5% at 20%. Output meter 
inges: Volts — 0-25-50-100-200. Db — 
1 23, 0-29, +6+35, +12+41. 


MPF Write for free brochure 1-133. $245 


Size—18x16x11. Weiqht—54 Ib. 


CLOUGH-BRENGLE 


5501 BROADWAY. CHICAGO, ILL. 













Catalog 
On request 


JULES RACINE & CO. 


WOR 1S) a yA 





The MONTH'S 


NEW 


INSTRUMENTS 














Leakage Resistance Testers 


Tw new vdel f 2 ker Ser MI 


Goggles with Absorptive 


Lenses for Glass Blowers. ete. 
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Shop Measuring Microscope 








Metering Gas Flow... 
through a 24-in. main 
at 63-in. water pressure 


ie 


COCHRANE CORPORATION 
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SURFACE TEMPERATURE 


{  PYROMETER 













Wheelco Instruments Co. 


1933 Se. Halsted St. Chiengo, Ill. 














Signal Generator 
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Tachometers 

















TETCO 
Speed Recorder 





Creates a permanent time rec- 
ord on a waxed chart. Accu- 
rately records rate of produc- 
tion, time and duration of 
stops, total quantity produced. 
The Electric Tachometer Corp. 


1358 Spring Garden St., Philadelphia, Pa 








High Quality, Low Prices 
TEMPERATURE CONTROL 
MODEL Z, NON-INDICATING 
Three Ranges 50 to 350. 100 
to 650 and 100 to 1,000 Deg 
Fahr Three Ivpes of Micro 
Switches 
CALIBRATED UNCALIBRATED 
$35 to $40 $30 to $35 
‘ , / ) 


Bulletin 505-1! Bulletin 505-J 


THE PARTLOW CORPORATION 


12 Campion Road, New Hartford, N. Y 











For a thousand-&-one 


PLANT APPLICATIONS 


It us a high- 
speed engine 
indicator, and it 
is just what vou 
need for record- 
ing all pressures 
in all YOUR 
work 


Send for Full 
Data 


TRILL INDICATOR CO. 


CORRY, PA 

















EXCELLENT OPPORTUNITY. I own 100 
of a company established for thirty years, man- 


ufacturing thermometers, recorders, temperature 


and pressure controls, etc., located in New York 


City This company has a complete machine 
shop of over twenty machines and complete 
modern tooling equipment for the production of 
instrument parts and for jobbing machine work. 

I need a working instrument making foreman 
who has a thorough knowledge of the above 
ind who can supervise the machine shop. Part- 
nership possibilities no investment needed 


Write Box 40, Instruments Publishing Co., 1117 
Wolfendale St., Pittsburgh, Pa 
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PHOTRIX 
ERSAL PHOTOMETER 


FOOT CANDLE METER) 





NEQUALLED SENSITIVITY 


Full scale deflection at 
0.5 FT.-CDL. 


easuring ranges. With or without 
ual correction filter. 


i/so 
ELECTROCELL 


Self - Generating Photocells 
Great variety of sizes 
Mounted or unmounted 


DR. F. LOEWENBERG 


10 East 40 St., New York City 














PORTABLE 


WHEATSTONE BRIDGE 





1050—Portable Wheatstone Bridge 
with Murray and Varley Loops $110.00 


1052—Portable Wheatstone Bridge 
without Murray and Varley Loops $90.00 


Send for Bulletin No. 105 


R UBICON COMPANY 


Electrical Instrument Makers 


sorth 6th St. Philadelphia, Pa. 
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Surface Temperatures 


Fiat 
Stationary 
or 
Moving 
Curved 
Surfaces 







The “Alnor” 
Combination Pyrocon 


Ideal for rolls, molds, 
plates, platens and 
plastic material temper 
atures 
Write for bulletin 


y | Illinois Testing Laboratories, Inc 


142 W. Austin Ave Chicage, IIlinols 








ALNOR Electronic Type 


PYROMETER 
CONTROLLER 


ILLINOIS TESTING 
LABORATORIES, INC 


42 W. Austin, Chicag 














| INTERVAL TIMERS 
| PROCESS TIMERS 
| PROGRAM TIMERS 
| TIME SWITCHES 

| sFLASHERS — 

| AUTOMATIC Fete Manutacturing Co 


























Wheelco “Radio Principle’’ 
INDICATING CONTROL 
THERMOMETER 


+ 


The combination of th 
Wheelc« Rad Prin p 
PACITROL ntr randat 


don tube assembly pr 
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perature indicating a uracy 
contro sensifivity unequa 

any other known method. A rad 
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Wheelco Instruments Co. 


1933 So. Halsted St. Chicago, Ill. 



























Portable 








CO Indicator 
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Tubeless “Single- 
tube’’> Manometer 


Line and Cable Fault 


Location Test Set 





HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
the past 30 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


Illustrated 
bulletins 
free. 


— ee 


The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N. Y. 








A & A COILS 


Magnet Established 1924 Solenoid 


Electrical Coil Winding Co. 
2736 Saunders St., Camden, N. J. 








The AU Purpose 
AIR VELOCITY METER 
“Alnor” 
V elometer 


Instantaneous 
Direct 
Reading 


No Timing 
No Calculations 
Write 
for Literature 


ILLINOIS TESTING LABORATORIES, Inc 








142 W. Austin Ave Chicago, Illinois 
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Miles Reproducer Co., Inc., 810 Broadway, New York City 








% NATIONAL * 


RHEOSTATS 


Ask for Catalog No. 5 
National Electric Controller Co 
5317 Ravenswood Ave., Chicago, IIl 








Your pride in your work 
springs from knowledge of the bene- 
Instrumentation. Simce you 
Enter the Con- 


hits of 


know, why not tell? 
test (see imsert) 














INDUSTRIAL INSTRUMENT SERVICE 


CLAUD S. GORDON CO., Cleveland—Chicago—Indianapolis 


LITTELFUSE, 
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Self-operating Temperature 


Controller for Gas Fuel 
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L I T T E L F U ~ E oe “Quicker than a short cn 


4250 Lincoln Ave., Chicag 
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